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DIRECTIONS  FOR  COLLECTING  BIRDS. 


By  Robert  Ridqway, 
Cfwrator  of  the  Department  of  Birde,  V,  S.  National  Musemw^ 


§  1.  GENERAL  EBM AEK8. 

The  gfeneral  principle  to  be  observed  in  making  collections  of  natnral 
history,  especially  in  a  country  but  little  explored,  is  to  gather  all  the 
species  which  may  present  themselves,  subject  to  the  convenience  ol 
the  collector  or  practicability  of  transportation.  The  number  of  si>eci- 
mens  of  each  species  to  be  secured  should,  of  course,  include  all  the 
varieties  of  form  or  condition  caused  by  the  different  features  of  age, 
sex,  or  season,  and  also  show,  within  reasonable  limits  the  range  of 
individual  variation. 

As  the  object  of  the  Institution  in  making  its  collections  is  not  merely 
to  possess  the  difierent  species,  but  to  determine  their  geographical  dis- 
tribution and  variation,  their  migrations,  and  other  matters  of  scien- 
tific interest,  it  becomes  important  to  have  as  full  series  as  practicable 
from  each  locality.  In  commencing  such  collections,  the  commonest 
species  should  be  secured  first,  as  being  most  characteristic,  and  least 
likely  to  be  found  elsewhere,  and  even  the  commonest  should  be  taken 
while  they  are  to  be  had,  since  they  may  totally  disappear  when  least 
expected.  It  is  a  fact  well  known  in  the  history  of  museums,  that  the 
species  which  from  their  abundance  would  be  first  expected  are  the  last 
to  be  received. 

In  every  little  known  region  the  species  which  are  the  commonest  are 
rarest  elsewhere,  and  many  an  unscientific  collector  in  Texas,  Mexico, 
the  Bocky  Mountains,  Alaska,  etc.,  has  been  surprised  to  find  what 
he  considered  the  least  valuable  species  in  his  Qollection  (owing  to  the 
ease  with  which  they  had  been  obtained  in  numbers)  more  prized  by  the 
naturalist  than  the  rarities,  which  were  in  fact  only  well-known  strag- 
glers from  more  accessible  localities. 

The  first  specimen  procured,  however  imperfect,  should  be  preserved, 
at  least  until  a  better  can  be  obtained. 

Where  a  small  proportion  only  of  the  specimens  collected  can  be  trans- 
ported, such  species  should  be  selected  as  are  least  likely  to  be  procured 
in  other  localities  or  on  other  occasions. 
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In  gathering  specimeDS,  it  is  very  important  to  fix  with  the  ntmost 
precision  the  localities  where  found,  as  well  as  the  dates  of  capture.  It 
has  too  often  happened  that  collectors  in  little  known  regions  have 
neglected  or  ignored  this  very  essential  matter,  and  thus  their  work  has 
practically  been  in  vain,  for  specimens  with  imperfect  data  as  to  place 
and  time  of  capture  are  comparatively  valueless.  To  give  an  illustra- 
tion :  All  large  collections  contain  a  great  many  specimens,  labeled 
simply  "  Brazil,"  or  "  Mexico,"  or  with  the  name  of  some  other  equally 
extensive  country.  Now,  Brazil,  while  politically  one  country,  is 
zoologically  a  portion  of  several  very  distinct  provinces,  whose  bird-life 
is  far  more  distinct,  one  from  the  other,  than  is  that  of  North  America 
from  that  of  Europe,  or  that  of  the  latter  from  the  bird-life  of  northern 
and  central  Asia  or  northern  Africa!  Were  aU  the  specimens  in  col- 
lections labeled  accurately  as  to  precise  locality  and  date,  the  problems 
of  geographical  distribution  and  variation  and  their  attendant  phenom- 
ena would  be  far  better  understood  than  they  are  at  the  present  time, 
and  human  knowledge  proportionately  advanced. 

Where  collections  can  not  be  made  in  any  region,  it  will  be  very 
desirable  to  procure  lists  of  all  the  known  species,  giving  the  names  by 
which  they  are  generally  recognized,  as  well  as  the  scientific  name, 
when  this  is  practicable.  The  common  local  names  of  specimens  pro- 
cured  should  also  be  carefully  recorded. 

All  facts  relating  to  the  habits  and  characteristics  of  the  various 
species,  however  trivial  and  commonplace  they  may  seem,  should  be 
carefully  recorded  in  the  note  book,  especially  those  having  relation  to 
the  peculiarities  of  the  season  of  reproduction,  etc  The  accounts  of 
hunters  and  others  should  also  be  collected,  since  much  valuable  informa- 
tion may  thus  be  secured.  The  colors  of  the  uufeathered  parts  when 
the  bird  is  alive,  or  soon  after  being  killed,  should  always  be  given, 
when  practicable,  or,  still  better,  painted  on  a  rough  sketch  of  the 
object. 

As  a  general  rule,  birds  of  brilliant  plumage,  or  those  which  are  in 
any  way  very  conspicuous,  are  mueh  less  likely  to  prove  interesting 
scientifically  than  those  of  dull  or  ordinary  plumage.  Most  of  the  col- 
lecting which  has  been  done  in  tropical  countries  has  been  for  com- 
mercial purposes,  there  being  at  least  100,000  bird-skins  sold  to  milliners 
to  1,000  that  are  sold  to  museums  or  collectors,  and  brightly  colored 
birds  being  therefore  most  salable  are  naturally  those  preferred. 
Even  the  collector  who  has  chiefly  in  view  the  scientific  results  of  his 
work  must  be  s  rongly  tempted  to  give  preference  to  the  humming- 
birds, trogons,  tanagers,  and  other  birds  of  *' gorgeous  plume,"  so 
strongly  do  they  appeal  to  his  sense  of  tiie  beautiful.  Thus,  on  the  one 
baud,  the  wrens,  ant-birds,  sparrows,  and  others  of  modest  attire  are 
purposely  ignored,  while  on  the  other  they  are  half  unconsciously 
neglected. 
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The  collector,  therefore,  if  he  desires  to  make  the  most  of  his  oppor- 
tunities, will  reverse  the  usual  custom,  and  search  the  woods  and 
copses,  fields  and  river-banks  for  birds  which  would  pass  unnoticed  by 
the  ordinary  observer,  feeling  sure  that  many  new  forms  will  be  his 
reward.* 

§  2.  OUTFIT  FOR  COLLECTING. 

Ouns  and  ammunition. — For  "  all  round"  collecting  the  best  gun  is  a 
12-gauge,  double-barreled,  breech-loading  shotgun  of  approved  make,! 
with  barrels  28  inches  long,  length  of  stock  and  "  drop  "  to  suit  the 
user.  One  barrel  should  be  "  choked,''  the  other  *'  cylinder  bored,"  and 
the  latter  should  have  fitted  to  it  an  auxiliary  barrel  for  .32-caliber 
shells.  These  should  be  loaded  with  American  wood  powder,  grade  D, 
and  No.  12  shot,  and  the  shells  may  be  either  rim  or  center  lire,  though 
only  one  or  the  other  can  b.e  used,  it  being  necessary  to  decide  before 
the  auxiliary  barrel  is  made  which  kind  of  cartridge  is  to  be  used  with 
it.  The  writer  prefers  rim-tire  shells,  for  the  reason  that  the  bother  and 
loss  of  time  in  reloading  is  avoided,  while  they  are  so  much  cheaper 
that  there  is  no  pecuniary  loss  in  the  end.  On  the  other  hand,  there  is 
the  disadvantage  that  one  may  get  out  of  ammunition ;  but  this  may  be 
avoided  b^  taking  a  suflScient  supply. 

With  this  auxiliary  barrel,  which  may  be  carried  in  the  pocket  or  in 
the  game  basket  when  not  in  actual  use,  the  collector  is  always  pre- 
pared for  the  smallest  specimens.  Without  it  he  will  find  great  diffi- 
culty in  loading  his  12  gauge  shells  with  a  sufficiently  light  charge. 

For  shooting  about  houses,  in  orchards,  or  any  places  where  a  noise 
is  to  be  avoided,  as  well  as  for  other  considerations,  a  cane  gun  of  .22 
caliber  is  exceedingly  useful.  A  good  substitute  is  an  ordinary  .22  call- 
ber  breech-loading  i)istol,  with  the  barrel  lengthened  by  soldering  to  it 
a  piece  of  brass  tube  anywhere  from  12  to  24  inches  in  length,J  though 
if  a  long  barrel  is  preferred  it  should  be  made  into  two  sections,  which 
screw  together,  in  order  that  the  gun  may  be  carried  in  a  pocket  or  put 
into  a  valise.    The  .22  caliber  shells  are,  of  course,  rim   fire.    They 


*  By  follow'mg  this  course,  a  collector  on  the  Lower  Amazon,  a  region  supposed 
to  be  practically  exhausted  of  ornithological  novelties,  a  few  years  siuce,  discovered 
19  new  species  in  a  total  of  a  little  raore  than  100  collected,  and  3  new  genera. 

t  There  are  so  many  individual  preferences  as  to  the  particular  make  of  guns  that 
any  recommendation  in  this  respect  would  be  superfluous,  except  to  those  who  have 
not  had  sufficient  experience  to  have  decided  upon  some  particular  kind.  Everjt- 
thing  considered,  there  is  probably  no  better  gun  made  than  the  "  Parker,"  while  the 
"  Fox,"  though  peculiar  in  its  action,  has  some  points  of  excellence  over  other  kinds. 
This,  however,  is  a  matter  which  may  well  be  left  to  the  person  most  concerned,  pro- 
viding, however,  that  selection  be  made  from  some  one  of  the  reliable  makes,  cheap 
gnns,  which  are  cheap  at  any  price,  being  avoided. 

X  Such  an  arm  may  be  obtained,  in  both  .22  and  .32  calibers,  for  about  $5,  from  «>• 
A.  Ross  &  Co.,  29  Oliver  street,  Boston,  Massachosetta.  It  is  called  '*The  Favor* 
ite  Collecting  Pistol." 
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should  be  loaded  with  American  wood  powder,  grade  B,  and  No.  12 
shot.  Black  powder  mixed  with  the  wood  powder  will  give  better  pen- 
etration but  more  noise,  and  foals  the  gun  much  sooner. 

In  addition  to  shotguns,  a  good,  well  tested  .32  caliber 
rifle  will  prove  very  useful  for  wary  birds  of  large  size, 
such  as  the  various  hawks,  eagles,  herons,  etc.  With 
a  rifle  of  this  caliber  birds  the  size  of  a  large  hawk  may 
be  killed  without  injury  as  specimens,  while  the  ball  is 
large  enough  for  ordinary  game.  Even  a  good  .22  cali- 
bre rifle  would  be  very  useful  if  used  with  the  proper 
ammunition. 

As  to  ammunition  for  the  12-gauge  gun,  pai>er  shells 
which  are  not  to  be  reloaded  should  be  mainly  depended 
on;  but  to  guard  against  the  possibility  of  being  with- 
out ammunition  a  sufficient  number  of  metal  shells 
should  be  kept  in  reserve. 

Regarding  the  use  of  the  gun,  directions  are  unneces- 
sary, it  being  taken  for  granted  that  each  person  for 
whom  these  suggestions  are  intended  has  already  had 
more  or  less  experience,  and  knows  enough  to  always^ 
when  in  the  presence  of  companions,  consider  a  gun  as 
loaded  and  liable  to  **go  oft"  when  least  expected,  and 
to  never,  under  any  circumstances  whatever  (unless 
harm  is  intended),  point  it  towards  any  one,  blow 
into  the  muzzle,  pull  it  toward  him  muzzle  foremost, 
or  do  any  of  the  various  foolish  things  which  have 
been  the  cause  of  nearly  alljhe  accidents  from  fire- 
arms. 

The  kind  of  ammunition  to  be  taken  of  course  depends 
largely  on  the  kind  of  guns  in  which  it  is  to  be  used  and 
the  special  purpose  for  which  it  is  intended.  Only  the 
best  of  powder  should  be  used ;  and  in  addition  to  a 
sufficient  supply  of  good  black  powder,  one  or  more 
cans  of  American  wood  jiowder  (grade  D  for  .32  caliber 
shells  and  light  charges  for  tho  12gauge  gun,  and  grade 
E  for  .22  caliber  shells)  are  necessary.  Plenty  of  good 
felt  wads  are  also  required.  The  sizes  of  shot  needed 
are  not  easily  determined ;  but  as  a  general  rule  it  is 
unnecessary  to  have  more  than  three,  or  at  most  four 
sizes.  For  the  smallest  birds,  No.  12  is  the  proper  size, 
the  finer  so-called  "dust''  shot  carrying;  too  close  and 
cutting  the  plumage  too  much.  Perhaps  the  most  serviceable  selec- 
tion would  be  Nos.  12,  8,  and  4,  or  3,  for  a  12  gauge  gun,  only  the  first 
being  used  with  the  .32  and  .22  caliber  pieces.  Some  collectors  use 
other  sizes  in  additicm  to  those  designated  above,  and  possibly  the 
substitution  of  No.  10  for  No.  8  and  No.  6  for  No.  4  would  work  very 
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well;*  and  it  would  perhaps  be  adv^isable  to  have  a  few  extra  large 
shot,  sach  as  No.  1  or  6B,  though  the  occasions  where  they  are  actually 
required  would  probably  not  be  frequent.  In  countries  where  large 
mammals  of  a  daugerous  nature  are  apt  to  be  met  with,  it  would  not  be 
unwise  for  the  collector  to  carry  constantly  with  him  two  or  three  car- 
tridges  charged  with  powder  and  a  conical  ball  that  will  pass  easily 
through  the  barrel,  which  may  be  quickly  substituted  for  a  charge 
of  shot  in  an  emergency.!  Or  what  will  answer  equally  well,  paper 
shells  loaded  with  a  full  charge  of  shot  may  be  cut  in  two  (not  quite 
severed,  however)  between  the  two  wads  separating  the  powder  from 
the  shot,  which  will  cause  the  latter  to  carry  "solid,"  and  prove 
eifective  as  a  ball  any  distance  up  to  seventy-five  yards,  or  more. 

thinning  tools  and  materiah, — The  fewer  implements  one  has  the  bet- 
ter, few  things  being  a  greater  hindrance  to  quick  work  than  complicated 
apparatus.  Some  very  skillful  collectors  use  nothing  but  a  pocket  knife 
or  a  pair  of  short  bladed,  sharp-pointed  scissors  in  skinning  a  bird;  but 
such  simplicity  is  hardly  to  be  recommended  to  the  novice,  who  will 
find  the  following  tools  essential  (Figs.  2,  3,  4,  5,  6,  7,  8) :  (1)  A  sharp 


•  Fig.  2.— Scalpel. 

scalpel  or  dissecting  knife ;  (2)  a  pair  of  scissors  with  sharp-pointed 
and  rather  short  blades,  either  straight  or  curved,  as  may  be  preferred; 


Fig.  3.— Scalpel. 


(3)  a  pair  of  heavy  cutting  forceps,  known  as  "  bone-cutters,^  to  be  used 
for  breaking  the  leg-  and  wing-bones  of  large  birds;  (4)  a  pair  of  small 


Fig.  4.— Straightrpointed  soisson. 

spring  forceps,  with  rather  narrow  points,  for  adjusting  the  feathers,  and 


•If  a  20-gaiige  gun  is  used,  Nos.  VZ,  H,  6,  and  4  are  probably  the  best  sizes. 

tif  the  cylinder-bored  bamel  is  fitted  with  an  auxiliary  barrel,  as  has  been  previ- 
ously  recoromended,  and  the  other  barrel  is  choke-bored,  care  mast  be  taken  to  select 
a  ball  that  will  pass  easily  through  the  '^  choke'';  otherwise  an  accident  may  ocoor. 
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for  other  purposes;  (5)  needles  and  thread  for  sewiug  np  inoisions  of 
the  skin.  All  these  implements,  especially  the  scalpel  and  scissors, 
should  be  taken  in  duplicate,  or  even  in  larger  numbers,  to  make  up  for 
possible  or  even  probable  loss,  while  needles  may  be  taken  in  consid- 


Fio.  5.— Carved  scissors. 

erable  quantity.  In  addition  to  the  articles  named  as  being  absolutely 
necessary,  one  or  two  large  steel-handled  scalpels  or  "  cartilage  knives  " 
would  be  useful  in  skinning  large  birds,  and  a  pair  of  long  straight 
forceps  is  very  handy  for  introducing  cotton  into  the  neck,  but  these 
may  easily  be  dispensed  with. 


Fio.  0.— Small  carved  scissors  with  blant  point. 

Many  collectors  and  taxidermists  use  a  hook  by  which  to  attach  the 
carcass  of  a  bird  during  the  process  of  skinning,  thus  allowing  the  free 
use  of  both  hands.  If  the  beginner  can  learn  to  do  without  this  appli> 
ance,  however,  it  will  in  the  end  prove  advantageous,  since  a  complica- 
tion of  apparatus  is  one  of  the  things  much  to  be  avoided.  There  can 
be  no  question,  however,  that  at  times  such  an  appliance  would  be 
found  very  useful,  particularly  in  the  case  of  birds  so  large  as  to  be 
difficult  to  handle.  For  making  it,  take  a  good  sized  fishhook  (about 
a  number  7  "  Limerick^  with  ringed  end),  file  oflF  the  barb,  and  fasten 
securely  to  a  piece  of  stout  twine  2  or  3  feet  long.  The  other  end  of  the 
twine  can  then  be  tied  to  a  stout  nail  driven  into  a  beam  or  post,  or  to 
a  limb,  and  the  hook  stuck  into  the  bony  part  of  the  lower  back  or 
pelvis  of  the  carcass,  immediately  after  the  vertebral  column  has  been 
severed  at  the  base  of  the  tail  and  the  skin  peeled  from  the  rump  for 
a  short  distance.    Should  the  same  arrangement  be  considered  desira- 
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ble  for  smaller  birds,  muoti  smaller  hoolfs  should  be  used  (No.  2  or  3 
'*  Limerick  "),  and  instead  of  one  there  shonld  be  two— one  at  each  end 
of  the  twine,  which  should  not  be  more  than  aboat  a  foot  long.  The 
second  book  can  be  stack  into  the  top  of  the  table  on  which  the  bird  is 


being  skinned  and  the  line  hnng  over  the  edge,  the  bird  being  skinned 
thns  hanging  conveniently  in  front  of  the  operator,  while  its  position 
can  be  changed  to  suit  each  particular  sta{;e  of  the  operation  by  simply 
changing  the  position  of  the  farther  hook. 


For  stuffing  ilie  birds,  after  they  have  been  skinned  and  poisoned, 
raw  cotton  or  cotton  batting  of  the  best  quality  (long  fibered)  is  neces- 
sary, and  this  should  be  used  for  all  specimens  of  small  and  medium 
size.  For  larger  specimens  tow,  oakum,  or  "excelsior"  shavings  are 
better  and  more  economical,  especially  the  last,  than  which,  if  of  a  fine 
qnality,  nothing  can  be  better.    In  the  absence  of  these  materials  any 


dry, elastic  vegetable  substance  may  be  ut:ed,  but  never  any  aniiual  sub- 
stance,  such  as  hair,  wool,  or  feathers,  which  would  invite  the  attacks 
of  insects. 

Preservatives. — Altogether  the  liest  material  for  the  preservation  of 
skins  of  birda  or  other  animals  is  powdered  arsenioas  acid  (common 
arsenic),  lor  which  there  is  no  satisfactory  substitute.  It  may  foe  used 
either  pure  or  mixed  with  finely  powdered  alum  in  the  proportion  of 
two  Ut  one.  The  mixture  of  aisenic  and  alum  is  preferable  to  the  pure 
arsenic  for  several  reasons,  chief  uf  which  are  that  poisoning  of  the 
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fingers,  through  cats  or  abrasions  of  the  skin,  is  far  less  likely,  while 
the  alum  also  greatly  accelerates  the  drying  of  the  specimen. 

It  has  been  stated  that  there  is  no  satisfactory  substitute  for  arsenic ; 
but  in  its  entire  absence  corrosive  sublimate  (dissolved  in  alcohol  and 
brushed  over  the  inside  of  the  skin),  powdered  alum,  or  other  astrin- 
gent substances  may  be  used,  especially  if  combined  with  some  strong- 
smelling  substance  to  repel  the  attacks  of  insects,  as  camphor,  oil  of 
rad  cedar,  oil  of  bitter  almonds,  naphtbaline,  creosote,  etc. 

Some  persons  prefer  arsenical  soap  to  the  pure  arsenic  or  mixture  of 
arsenic  and  alum,  but  there  are  several  serious  objections  to  its  use  and 
ii  is  not  to  be  recommended. 

Sometimes  the  application  of  arsenic  or  other  substances  named 
above,  while  sufficient  to  preserve  the  specimen  from  decay,  will  not 
repel  the  attsirck  of  insects,  especially  in  tropical  countries,  where  pests 
ot  this  kiud  abound.  It  therefore  would  be  well  to  paint  the  bills, 
feet,  and  other  unfeathered  parts  with  an  alcoholic  solution  of  the  oil 
of  bitter  almonds,  oil  of  red  cedar,  camphor,  or  some  other  highly  pun- 
gent substance.* 

Miscellaneous. — In  addition  to  the  various  articles  already  mentioned, 
many  other  things  are  quite  necessary  for  successful  collecting,  among 
which  may  be  mentioned  the  following : 

(1)  A  receptacle  for  carrying  the  birds  while  out  colh  cting.  The 
very  best  tbing  for  this  purpose  is  a  tin  box  with  sliding  lid,  similar  to 
the  ordinary  botanical  collecting  box,  or  differiugin  shape  only,  as  may 
suit  the  taste  or  convenience  of  the  collector.  This  is  to  be  suspended 
by  a  strap  huug  over  the  shoulder  of  the  opposite  side.  The  next  best 
thing  is  a  fishing  basket  or  ^^  creel,"  of  as  large  size  as  can  be  conve- 
niently carried. 

(2)  A  box  with  tightly  fitting  hinged  lid,  not  less  than  5  by  8  by  2 
inches,!  to  contain  arsenic  or  the  mixture  of  alum  and  arsenic,  and 
which  should  always  be  kept  about  half  full.  It  should  also  contain  a 
rabbit's  four,  which  is  by  far  better  than  any  other  sort  of  brush  for 
applying  the  arsenic  to  the  skin.  When  not  in  use  this  box  should  be 
kept  closed  and  pnt  out  of  reach  of  children,  and  when  moving  Irom 
place  to  place  it  may  be  wrapped  in  pai>er  and  packed  with  other  im- 
plements. 

(3)  A  similar,  but  perhaps  smaller,  box,  to  contain  corn  meal  or  other 
absorbent  substances. 

(5)  A  plentiful  supply  of  *'  merchandise  tags."  to  serve  as  temporary 
labels,  and  blank  labels  with  tyingthnads  already  attached. 
(fi)  A  box  of  moist  water  colors,  with  suitable  brushes  (see  page  16). 


*  An  alcoholic  solutiou  of  strychni  ue  has  been  recommeuded,  but  the  writer  has 
fonud  this  uDreliable. 

t  One  of  larger  dimensions  would  be  better,  so  that  birds  of  mediiim  size  may  be 
laid  inside  the  box  while  the  arsenic  is  beiug  applied  to  the  skin. 
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§  3.  PEOouKnro  spboimbns. 

The  collector  having  provided  himself  with  the  kind  of  pr^in  and  am« 
munition  which  seem  according  to  bis  experience  or  judgment  most 
suitable,  he  should  then  place  in  his  collecting-box  or  basket  ibe  follow- 
ing implements  and  materials : 

(1)  A  considerable  ''  wad  "  of  raw  cotton,  for  plugging  shot-holes  and 

the  throats  of  specimens* 

(2)  An  insect-powder  bellows  filled  with  com  meal,  and  an  extra 

quantity  of  the  latter. 

(3)  A  supply  of  paper  cones  or  <^  cornucopias."  Thene  are  best  made 
of  some  moderately  soft,  bibulous  paper,  as  newspaper  or  pamphlets. 
Some  collectors  prefer  making  the  cones  as  they  are  needed,  and  carry 
with  them  folded  newspapers  or  old  pamphlets,  but  time  will  be  saved 
if  the  cones,  or  some  of  them  at  least,  are  made  before  starting. 

(4)  A  small  bottle  filled  with  strong  carbolic  acid.  (This  is  needed 
only  in  warm  weather.) 

What  to  do  with  birds  after  they  are  killed. — Immediately  after  a  bird 
is  killed  it  should  be  picked  up  by  the  feet  (never  by  the  tail)  and  held 
head  downward  to  allow  the  blood  to  drain  from  the  mouth,  which  may 
be  hastened  by  gently  pressing  the  bird;  ^^flip"  off  or  otherwise  care> 
fully  remove  the  blood  clots  which  may  adhere  to  the  bill,  feathers,  or 
other  parts,  and  apply  corn  meal  to  absorb  what  may  remain.  In  the 
absence  of  corn  meal  clean  sand  will  do,  and  in  the  case  of  birds  with 
white  plumage  plaster  of  Paris  will  answer,  bat  should  be  carefully 
removed  before  it  becomes  hard.  Th«  holes  made  by  the  shot,  together 
with  the  throat  and  the  internal  (but  never  the  external)  nostrils,  should 
be  plugged  with  cotton,  to  prevent  the  escape  of  blood  and  the  jaioes 
of  the  stomach.  Before  plugging  the  throat  a  small  quantity  of  com 
meal  or  clean  sand  should  be  inserted,  as  this  will  absorb  the  blood,  etc., 
and  prevent  its  escaping  around  the  cotton.*  Should  an  eye  be  broken 
by  the  shot,  the  liquid  should  be  carefully  pressed  out  and  what  can 
not  be  otherwise  removed  absorbed  with  corn  meal  or  sand,  as  nothing 
is  more  difficult  to  remove  from  feathers  after  it  once  becomes  dry. 

It  is  very  important  that  as^much  pains  be  taken  as  time  and  other 
circumstances  will  allow  to  clean  blood  and  other  stains  from  the  plum* 
age  before  becoming  dry,  as  neglect  of  this  precaution  will  in  the  end 
involve  far  greater  loss  of  time  or  perhaps  necessitate  loss  of  the  speci- 
men itself. 

In  very  warm  weather,  before  the  throat  is  plugged  the  gullet  should 
be  swabbed  with  carbolic  acid  by  saturating  a  small  wad  of  cotton 
which  has  previously  been  wrapped  around  the  end  of  a  small  stick, 

*  Perhaps  »  stUl  better  plan  1«  to  pash  one  ping  of  cotton  down  the  gallet  nearly  to 
the  stomach,  before  the  throat  ping  is  inserted,  to  prevent  the  Jnicesof  the  latter  from 
ooUeoting  in  the  throat,  since,  if  aUowed  io  do  so  in  warm  weather,  they  oanae  thm 
feathers  to  slongh  o£ 
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straw,  or  wire,  or  held  in  small  spring  forceps,  with  the  acid,  and  then 
a  small  quantity  of  the  aoid  should  be  applied  to  the  skin  along  the 
median  line  of  the  abdomen,  the  feathers  having  of  course  been  pre- 
viously parted.  In  both  these  operations  great  care  should  be  taken 
to  prevent  the  acid  from  coming  in  contact  with  the  feathers.*  Some 
persons  use  for  this  purpose  a  hypodermic  syringe,  but  this  instrument 
is  quite  unnecessary,  besides  being  cumbersome  and  expensive. 

When  the  bird  has  been  properly  cleaned  and  plugged  it  should  be 
carefully  dropped,  head  downward,  into  a  paper  cone  of  suitable  size, 
the  end  of  which  should  then  be  folded  over  the  tail— care  being  taken 
not  to  bend  or  break  the  latter,t  and  also  to  avoid  doubling  tbe  head, 
which  is  likely  to  be  done  unless  the  bill  is  ke  pt  exactly  in  the  middle 
of  the  cone  and  guarded  from  too  forcible  contact  with  the  paper  dur- 
ing its  insertion. 

The  bird  thus  enveloped  should  be  carefully  placed  in  the  collecting 
basket,  which  should  never  be  dosely  packed  with  specimens,  as  the 
pressure  thus  caused  will  not  only  force  the  blood  through  to  the  plum- 
age, but  in  hot  weather  will  also  hasten  decomposition.  Tbe  larger 
specimens  should  be  placed  at  the  bottom,  the  smallest  on  top ;  and  if 
the  box  or  basket  is  only  partly  empty  the  space  should  be  loosely 
filled  with  grass,  leaves,  or  paper,  to  prevent  the  specimens  shifting 
about. 

How  to  kill  wounded  birds. — A  wounded  bird  should  never  be  killed 
by  thumping  or  pounding  the  skull.  If  the  specimen  is  of  small  or 
medium  size  much  the  easiest  and  best  way  is  to  take  it  between  the 
thumb  and  fingers,  underneath  the  wing,  and  squeeze  it  tightly,  thus 
causing  its  death  almost  instantly  by  suffocation.  If  of  large  size  this 
can  not  be  done,  and  the  collector  sometimes  has  a  difficult  problem  to 
solve,  particularly  in  the  case  of  the  larger  birds  of  prey,  whose  sharp 
talons  are  to  be  avoided,  it  being  very  often  extremely  difficult  to 
release  one's  self  from  their  powerful  gnp,  which,  besides  being  exceed- 
ingly painful,  may  lead  to  serious  results.  A  bite  from  the  beak  of  snoh 
birds,  even  the  most  powerful,  is  comparatively  a  trifling  matter,  and 
in  the  case  of  the  larger  hawks  and*owls  may  safely  be  quite  ignored. 
These  birds  when  wounded  usually  thi^w  themselves  on  their  backs, 
with  open  feet  presented  fbr  defense.  In  such  cases  the  legs  of  the 
bird  should  be  quickly  sezaf3d  and  held  firmly,  which  can  easily  be  done 
by  a  careful  and  alert  person.  Then,  while  the  feet  are  held,  a  sharp- 
pointed  knife  or  scalpel  should  be  quickly  plunged  into  the  anterior 
portion  of  the  breast,  so  as  to  strike  the  heart  or  its  vicinity,  and  the 
bird  held  head  downward  to  allow  the  blood  to  drain  from  tiie  month. 
All  these  methods  are  more  or  less  cruel,  and  therefore  naturally  dis- 

*  An  experienoed  ooUeotor  informs  me  that  by  this  method  be  has  kept  birds  for 
three  or  four  days  on  the  hot  coasts  of  Central  America. 

t  Crnmpled  or  bent  feathers  may  have  maoh  of  their  elasticity  and  original  ahi^ 
restored  by  dipping  in  hot  water.    Steaming  wiU  answer  the  same  porpose. 
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tasteful  to  a  sensitive  person.  Bat  there  can  be  no  question  that  it  is 
far  more  merciful  to  dispalch  at  once  a  wounded  bird  than  to  delay 
putting  an  end  to  its  suffering.  When  practicable,  chloroform  can  be 
used  advautageously  by  simply  saturating  a  handkerchief  and  holding 
It  tightly  over  the  bird's  head  for  a  few  moments. 

Care  of  specimens  an  reaching  camp  or  quarters. — In  very  hot  weather, 
when  specimens  decompose  rapidly,  a  drop  of  carbolic  acid  should  be  put 
into  the  throat  and  another  into  the  intestines,  to  retard  decay.  This  is 
most  easily  done  by  means  of  a  ^<swab,"  improvised  of  a  small  stick  and  a 
little  cotton.  Care  must  be  used  not  to  allow  the  acid  to  come  in  contact 
with  the  feathers.  When  camp  or  quarters  are  reached,  the  specimens 
should  be  taken  out  of  the  cones,  one  at  a  time,  carefully  examined, 
and  the  cotton  in  the  throat  removed  and  a  fresh  plug  substituted. 
Never  delay  skinning  a  specimen  until  it  begins  to  bloat  or  until  it  begins  to 
smell  offensively  J  although,  should  it  be  impracticable  t-o  prevent  this, 
very  desirable  specimens  should  be  skinned  even  in  this  condition. 
The  best  way  is  to  skin  the  birds  as  soon  as  possible,  though  in  cold 
weather  they  may  ot  course  be  kept  several  days  without  danger  of 
decomposition.  At  the  same  time,  however,  allow  a  specimen  to  relax 
somewhat  before  you  begin  skinning  it. 


§4.  PREPARING  AND  PRESERVING  SPECIMENS. 

How  to  skin  birds, — Before  the  process  of  skinning  is  actually  begnn, 
certain  preliminaries  are  necessary,  if  the  work  is  to  go  on  smoothly. 
A  suitable  table,  stand,  or  workbench  must  first  be  provided  and  placed 
in  a  good  light.  A  paper  cover  should  then  be  put  over  it  (an  old  news- 
paper is  as  good  as  anything).  Then  the  box  containing  the  arsenic  or 
mixture  of  arsenic  and  alum;  that  containing  the  com  meal;  the  skin- 
ning and  stnfSng implements;  the  cotton,  needle  and  thread;  labels  or 
tags;  pencil,  cleaning  sponge  and  brush ;  cup  of  clean  water,  etc.,  are  to 
be  placed  in  convenient  positions  on  the  table,  room  for  the  specimen 
and  the  hands  of  the  operator  being  of  coarse  reserved.  A  basin  of 
water  and  towel,  for  cleaning  and  drying  the  hands,  should  also  be 
within  reach. 

When  everything  is  ready  a  label  or  tag  should  be  securely  fastened  to 
one  leg  of  the  specimen,  and  the  locality  and  date,  as  well  as  a  number, 
inscribed  on  it,  the  same  data  being  written  in  the  collector's  field  cata- 
logue, after  the  corresponding  number.  No  measurements  are  necessary, 
since  ail  measurements  of  scientidc  value  are  best  taken  from  the  dried 
skin,  though  in  the  case  of  very  large  birds  (and  smaller  ones  also,  if  the 
collector  has  plenty  of  time)  the  total  length  and  the  spread  of  the  fully 
outstretched  wings  may  be  taken,  and  for  convenience  may  be  written 
with  the  length  first  and  the  spread  last,  with  a  multiplication  sign 
between,  thus,  36.  X  84.50,  the  measurements  being  best  taken  in  inches 
and  decimals.    Iheuy  if  there  are  any  noteworthy  features  as  to  color 
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of  tbe  soft  partS)  they  shonld  be  oareftiUy  noted,  this  being  a  very  im- 
portaut  matter  and  one  sadly  neglected  by  collectors.  If  the  collector 
can  provide  himself  with  a  small  box  of  good  water  colors  and  suitable 
bmshes,  together  with  some  pads  of  drawing  paper,  rough  sketches 
of  bills,  feet,  etc.,  may  be  made  and  the  colors  exactly  reproduced.* 
If  not  thus  provided,  or  even  as  an  additional  aid  if  he  is,  a  set  of 
named  colors  oo  paper  should  be  at  hand  to  help  him  in  naming  the 
different  hues.t 

The  girth  of  the  bird  may  then  be  taken  by  means  of  a  band  of  stiff 
paper  passed  round  the  middle  of  the  body  over  the  wings,  and  pinned 
in  the  form  of  a  ring.  It  is  then  slipped  off  towards  the  feet  and,  after 
the  skin  is  prepared,  is  replaced,  the  stuffing  inserted  being  enough  to 
keep  it  from  falling  off.  The  exact  circumference  of  the  original  bird 
can  thus  be  readily  maintained.  In  fact,  the  ring  may  be  slipped  on 
before  the  stufflug  is  commenced  and  euough  cotton  inserted  to  fill  out 
the  shoulders  within  the  paper. 

After  these  preliminaries,  relax  the  wings  and  legs  by  pulling  and 
stretching;  then  make  an  incision  through  the  skin  only,  from  the 
lower  portion  of  the  breastbone  to  the  anus.  Should  the  intestines 
protrude  in  small  specimens,  they  had  better  be  extracted,  great  care 
being  taken  not  to  soil  the  feathers  or  to  mutilate  the  sexual  organsi 
thereby  rendering  it  difficult  or  perhaps  impossible  to  determine  the 
sex.  Now,  proceed  carefully  to  separate  the  skin  on  one  side  from  the 
subjacent  parts  until  you  reach  the  knee,  and  expose  the  thigh,  when, 
taking  the  leg  in  one  hand,  push  or  thrust  the  knee  up  on  the  abdomen 
and  loosen  the  skin  around  it  until  you  can  place  the  scinsors  or  knife 
underneath  and  separate  the  joint  with  the  accompanying  muscles. 
Apply  a  quantity  of  corn  meal  to  the  space  between  the  skin  and  the 
carcass  to  prevent  adhesion  and  to  keep  the  feathers  clean.  Bepeat 
this  operation  for  the  other  leg.    Loosen  the  skin  about  the  base  of  the 

*The  writer  would,  from  practical  experience,  recommend  that  a  Japanned  tin  box 
with  spaces  for  18  to  84  half  pans  (or  9  to  12  fnll  pans)  be  obtained,  and  filled  with 
the  following  moist  water-oolom,  aU  half  pans,  except  the  Chinese  white,  which 
should  consist  of  a  foil  pan : 

1.  Lamp  Black.  7.  Lemon  Yellow.  13.  Burnt  Umber. 

2.  Payne^s  Qray.  8.  Pale  Cadmium.  14.  Raw  Umber. 

3.  French  Blue.  9.  Scarlet  Vermilion.  15.  Bistre. 

4.  Permanent  Blue.  10.  Carmine.  16.  Tellow  Ochre. 

5.  Yiridian.  11.  Light  Bed.  17.  Chinese  White. 

6.  Emerald  Green.  18.  Burnt  Sienna. 

The  above  list  is  indispensable  and  wiU  enable  one  to  imitate  almost  any  hue  found 
in  nature ;  but,  if  the  collector  does  not  mind  increasing  the  number  of  pigments, 
the  following  might  be  added  with  adyantage: 

18.  Hoolcer's  Green,  No.  8.    80.  Cadmium  Orange.  28.  Purple  Madder. 

19.  Olive  Green.  81.  Indian  Red.  83.  Antwerp  Blue. 

t  For  this  purjKMe  a  small  book  entitled  "A  Nomenclature  of  Colors  for  the  use  of 
Naturalists,'' published  bj  Little,  Brown  &>  Company,  Boston,  Massachusetts,  is 
specially  adapted,  and  may  be  obtained  at  a  cost  of  |4. 
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tail  and  cat  throagh  the  vertebrsB  at  the  last  joint,  taking  care  not  to 
sever  the  bases  of  the  qnills.  Saspend  the  body  by  inserting  the  hook 
into  the  lower  part  of  the  back  or  rampi*  and  invert  the  skin,  loosening 
it  carefully  from  the  body.  On  reaciiing  tlie  wings  loosen  the  skin  from 
around  the  first  bone  and  cat  throagh  the  middle  of  it,  or,  better,  sep- 
arate it  from  the  body  throagh  the  joint.  Oontiuae  the  inversion  of 
the  skin  by  drawing  it  over  the  neck  until  the  skull  is  exposed.  Ar- 
rived at  this  point,  detach  the  delicate  membrane  of  the  ear  from  its 
cavity  in  the  skall,  if  possible,  without  catting  or  tearing  it;  then,  by 
means  of  the  thumb  nails,  loosen  the  skin  from  other  parts  of  the  head 
an  til  you  come  to  the  eyes,  where  extreme  care  is  necessary  in  cutting 
through  the  white  nictitating  membrane  to  avoid  lacerating  the  balL 
Scoop  out  the  eyes,  and,  by  making  one  cut  on  each  side  of  the  head, 
through  the  small  bone  connecting  the  base  of  the  lower  jaw  with  the 
skull,  another  across  the  roof  of  the  mouth  behind  the  base  of  the  upper 
mandible,  and  between  the  jaws  of  the  lower,  and  a  fourth  (horizontally) 
through  the  skull  behind  the  orbits  and  parallel  to  the  roof  of  the 
mouth,  you  will  have  freed  the  skull  from  all  the  accompanying  brain 
and  muscle.  Should  anything  still  adhere  it  may  be  removed  sepa- 
rately. In  making  the  first  two  cuts  care  must  be  taken  not  to  injure 
or  sever  the  zygoma,  a  small  bone  extending  from  the  base  of  the  upper 
mandible  to  the  base  of  the  lower  jaw  bone.  Glean  off  every  particle 
of  muscle  and  fat  from  the  head  and  skin  of  the  neck,  and  invert  the 
skin  of  the  head  to  the  very  base  of  the  bill. 

Then  skin  the  wing  down  to  the  wrist  joint,  detatching  the  roots  of 
the  larger  feathers  (secondary  and  primary  quills)  with  the  thumb 
or  finger  nails ;  remove  the  muscle  from  the  bones,  leaving  all  of  the 
latter.t  The  legs  should  then  be  skinned  down  to  the  lower  joint  of  the 
thigh  (the  heel,  or  tibio-tarsal  joint),  and  the  flesh  removed  from  the 
bone.  Remove  all  the  muscle  and  fat,  including  the  oil  gland,  from 
about  the  base  of  the  tail,  great  care  being  taken  not  to  cut  the  roots 
of  the  feathers,  which  would  cause  them  to  drop  out. 

During  every  stage  of  the  process  of  skinning  the  following  very  im- 
portant things  should  be  specially  remembered :  (1)  always  haudle  the 
skin,  when  detatching  it  from  the  body,  as  close  as  possible  to  the  point 
of  adhesion,  to  prevent  stretching,  a  stretched  skin  being  fya  worse 
than  one  full  of  holes  or  rents ;  (2)  always  keep  the  fingers  between  the 
feathers  and  the  flesh,  to  prevent  soiling  the  plumage;  (3)  apply  plenty 
of  com  meal  or  other  suitable  absorbi^nt  whenever  a  bloody  or  fatty 
place  is  exposed. 

Oertain  kinds  of  birds  require  deviation  from  the  above  rules  in  some 

*  As  mentioned  on  page  10  this  hook  may,  with  practicei  be  dispensed  with«  In 
UiCt,  many  oollectore  and  taxidermists  never  use  one. 

t  Many  prefer  to  clean  the  wing  by  an  entirely  dififerent  method,  an  incision  being 
made  on  the  nnder  side  along  the  bone,  and  the  flesh  removed  throagh  the  opening 
thus  made.    This  is  the  better  way  with  large  birds. 
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particniars.  Most  woodpeckers  and  ducks,  for  instance,  have  the  head 
so  maoh  larger  than  the  neck,  that  it  is  quite  impossible  to  skin  over 
the  head  by  the  ordinary  method.  In  such  cases  the  neck  should  be 
cut  off  before  the  skull  is  reached,  and  the  skin  turned  <^  right  side  out;" 
then  make  an  incision  from  the  top  of  the  occiput  down  to  the  base  of 
the  skull  and  skin  the  head  through  this  opening.  Of  course  the  in- 
cision should  be  sewed  together  after  the  skinning  is  completed,  or  at 
least  after  the  specimen  has  been  stuffed.  Pigeons,  cuckoos,  and  some 
ducks,  as  well  as  other  birds,  have  the  skin  very  tender,  and  adhering 
so  closely  to  the  rump  and  lower  part  of  the  back  (sometimes  the  breast 
also),  that  its  separation  is  a  matter  of  very  great  difficulty.  Such 
birds  should  be  kept  until  they  are  fully  relaxed  before  work  on  them 
is  commenced,  and  the  operation  of  skinning  should  be  done  with  ex- 
treme care. 

In  warm  weather  or  in  hot  countries  very  large  birds  (as  herons, 
cranes,  hawks,  etc.)  should  have  an  incision  made  below  the  heel  (tibio- 
tarsal)  joint  and  the  tendons  cut  off;  then,  by  making  another  incision 
on  the  sole  of  the  foot  the  tendons  can  be  drawn  out.  The  space  made 
by  the  removal  of  the  tendons  should  be  filled  with  arsenic.  This  will 
prevent  fermentation  of  the  juices  in  the  leg  and  generation  of  gases, 
which  so  often  cause  the  skin  to  ^<  blister"  or  separate,  thus  entirely 
ruining  the  specimen  for  mounting. 

Birds  having  a  pure  white  and  very  compact  plumage  on  the  lower 
parts  should  be  skinned  through  an  incision  made  under  one  wing, 
along  the  side,  or  on  the  back,  which  will  be  found  very  easy  after  a 
little  practice. 

Poisoning  the  skin. — ^The  skinning  and  cleaning  of  the  specimen  having 
been  completed,*  the  next  thing  is  to  apply  tue  preservative.  For  this, 
as  has  already  been  stated,  only  arsenic  or  a  mixture  of  arsenic  and 
powdered  alum  should  be  used.  This  may  be  applied  either  dry  or  as  a 
paste,  by  mixing  with  alcohol  or  water  (alcohol  being  preferable).  If 
the  dry  powder  is  used,  it  should  be  kept  in  a  shallow  box  large  enough 
to  hold  a  medium-sized  bird,  and  while  the  skin  is  in  every  part  turned 
<<  wrong  side  out,"  it  should  be  laid  upon  the  arsenic  and  the  latter  ap- 
plied thickly  to  every  part,  care  being  taken  to  put  plenty  of  the  poison 
about  the  head,  particularly  close  up  to  the  base  of  the  bill,  about  the 
lower  end  of  the  denuded  wing  and  leg  bones  and  about  the  base  of 
the  tail.  This  is  best  done  with  the  foot  of  a  common  rabbit  (or,  better 
still,  that  of  the  northern  species,  which  has  longer  hair  on  the  soles); 
but  if  one  can  not  be  had,  a  substitute  may  be  made  by  securely  tying 
a  wad  of  cotton  to  the  end  of  a  stick.  After  the  skin  is  covered  with 
the  arsenic  (which  should  be  applied  while  its  inner  surface  is  moist),! 

*  Special  instrnotions  for  cleaning  bloody,  greasy,  or  otherwise  aoUed  speoimena  are 
given  on  pages  19  to  21. 

t  If  the  sldn  has  become  dry  it  may  be  moistened  by  gently  touching  the  surfiftce 
with  a  wet  sponge ;  bat  if  the  paste  is  used,  tliis  is  of  oonise  anneoessary. 
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it  shoald  be  held  over  the  box  and  gently  tapped  to  loosen  the  saperlla* 
OU8  powder. 

Shoald  the  alcoholic  paste  be  preferred,  it  may  be  applied  with  a 
bristle  brash,  or  better  still  with  a  wad  of  cotton  tied  to  the  end  of  a 
small  stick,  the  advantage  in  the  latter  being  that  it  can  be  thrown 
away  when  a  day's  work  is  done  and  a  new  one  qaickly  made  when 
another  is  required. 

Cleaning  soiled  or  greasy  specimens, — While  bloodstained  specimens 
are  supposed  to  have  been  partially  cleaned  immediately  after  they  were 
shot,  as  directed  on  page  13,  further  cleaning  is  necessary  before  the 
bird  can  be  considered  a  good  and  finished  specimen.  This  final  clean- 
ing should  be  done  when  the  bird  is  entirely  skinned,  but  before  the 
preservative  is  applied.  Bloody  specimens  should  never  be  wa^shed  before 
they  are  skinned^  as  the  application  of  water  only  serves  to  draw  oat 
more  blood  through  the  shot  holes. 

After  the  bird  has  been  skinned,  however,  and  the  inner  surface  of 
the  skin  thoroughly  freed  from  blood  by  sponging  or  wiping,  tbeu  the 
feathers  may  be  washed  clean,  using  a  soft  sponge  and  warm  water,  and 
dried  with  corn  meal  or  some  other  clean  absorbent  substance,  care 
being  taken  not  to  allow  any  of  these  substances,  especially  plaster  of 
Paris,  to  dry  on  the  feathers,  each  application  being  thoroughly  removed 
as  soon  as  it  becomes  saturated  with  moisture.  Bepeated  applications 
and  much  patience  are  required  to  clean  a  specimen  thoroughly,  but  the 
result  is  well  worth  all  the  trouble  and  loss  of  time,  unless  the  specimen 
is  one  of  no  value. 

Corn  meal  is  probably  the  best  of  all  substances  for  drying  moistened 
feathers,  but  can  not  always  be  obtained.  In  its  absence,  clean  dry 
sand,  whiting,  or  plaster  of  Paris  may  be  used,  although  the  two  last 
named  should  not  be  used  on  birds  of  dark  plumage,  since  it  is  next  to 
impossible  to  remove  it  all  from  the  feathers,  which  ever  after  have  a 
dusty  or  powdered  appearance.  On  birds  of  white  or  very  light-colored 
plumage,  however,  plaster  of  Paris  is  better  than  anything  else;  but 
even  on  these  as  much  as  possible  should  be  removed  by  persistent 
whipping  and  blowing  of  the  feathers. 

Dry  blood  stains  should  not  be  washed^  but  should  first  be  pried  or 
chipped  off  with  the  finger  nail,  or  back  of  a  knife,  and  then  carefully 
scraped  and  manipulated  with  a  stiff  brush,  such  as  a  jeweler's  brush 
or  a  toothbrush. 

Fat  birds  are  very  difficult  to  clean,  but  the  removal  of  every  particle 
of  fat  is  very  important,  since,  in  addition  to  the  certainty  of  the  fat 
which  is  allowed  to  remain  on  the  skin  gradually  working  out  through 
the  shot  holes  and  other  openings  and  greasing  the  feathers,  the  combi- 
nation of  the  fat  with  the  arsenic  produces  a  chemical  compound  which 
is  very  injurious  to  the /skin,  rendering  it  "rotten,"  or  brittle. 

A  bountiful  application  of  corn  meal,  plaster,  etc.,  during  the  process 
of  skinning  is  a  great  help  toward  removing  the  grease,  and  in  the  case 
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of  large  birds  a  pieoe  of  calico  or  cotton  cloth  sewed  to  the  skio  along 
each  edge  of  the  incision  will  serve  to  keep  the  feathers  from  contact 
with. the  fat,  though  even  then  an  absorbent  substance  should  be  freely 
used. 

Ducks  and  some  other  water  birds  when  fat  are  particalarly  difficult 
to  clean,  owing  to  the  fact  that  the  roots  of  the  feathers  form  numerous 
prominent  points  all  over  the  inner  surface  of  the  skin,  the  spaces  be- 
tween them  beiug  filled  with  fat.  In  such  cases  the  surface  of  the 
fatty  coating  should  be  slightly  gashed  with  the  knife  or  scalpel  to  re- 
lease the  oily  substance,  which  should  then  be  gradually  absorbed  by  a 
persistent  application  and  ^*  rubbing  in "  of  the  absorbent  substance^ 
Of  course  all  free  pieces  of  fat  should  be  first  cut  away. 

Should  the  feathers  have  become  greasy  they  should,  after  the  bird 
has  been  skinned  and  the  inside  of  the  skin  itself  cleaned,  as  above 
directed,  be  washed  with  spirits  of  turpentine,  and  the  latter  removed 
by  absorption  with  corn  meal,  whiting,  or  plaster,  repeatedly  applied 
and  removed,  the  absorbent  substance,  when  saturated  with  the  turpen- 
tine, being  first  shaken  off  and  the  feathers  then  carefully  whipped  with 
a  light  elastic  stick,  until  no  more  remains.  This  process  is  tedious, 
but  the  excellent  results  amply  repay  for  the  time  and  trouble  ex* 
pended. 

The  cleansing  of  water  birds,  especially  sea  birds,  requiring  special 
treatment,  the  following  directions  (prepared,  at  our  request,  by  Mr. 
William  Palmer),  should  be  closely  observed: 

As  prevention  is  better  than  cure,  time  employed  in  taking  proper 
care  of  sea  birds  when  first  killed  is  well  utilized ;  but  it  seldom  hap- 
pens that  one  is  able  to  do  this,  and  therefore  it  becomes  necessary  te 
spend  more  time  in  cleaning  specimens  than  is  desirable.  When 
freshly  killed,  if  a  sea  bird  is  immediately  hung  up  by  the  legs  for  sev^ 
eral  hours,  much  vexatious  work  is  spared  the  collector,  but  if  one  is 
on  a  lonely  shore,  with  miles  to  travel,  this  is  impossible.  A  box,  open 
on  top,  but  with  movable  slats  on  which  to  suspend  the  birds,  is  per- 
haps the  best  plan  to  adopt  in  a  boat  or  on  shore  where  several  hours 
are  spent.  When  tramping,  specimens  may  be  hung  up  or  laid  on 
a  rock  or  hummock  until  return,  the  object  being  to  prevent  friction 
and  pressure  while  the  body  is  warm  and  lax.  When  cold  and  hard  it 
is  best  to  wrap  in  cheese  cloth,  corn  meal  being  freely  used  at  the  shot 
holes,  and  the  mouth  and  internal  nostrils  plugged  jiMt  before  wrapping. 
But  with  even  the  greatest  care  the  feathers  will  soil  and  it  becomes 
necessary  to  clean  them. 

If  a  bird  is  very  bloody  when  picked  up,  wipe  off  the  excess  of  blood 
with  a  piece  of  raw  cotton,  and  do  not,  if  possible,  allow  the  blood  to 
get  dry  on  the  feathers ;  never  wash  it  nntil  you  are  ready  to  skin, 
unless  you  can  dry  also,  and  never  wash  in  salt  water  if  by  any  means 
you  can  get  fresh. 
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When  ready  to  clean,  provide  a  vessel  of  warm  water  and  dip  the 
bloody  leathers  into  it,  working  it  the  while  with  the  fingers;  do 
this  in  several  waters  until  the  blood  is  all  dissolved  out,  .then  dry  by 
pressure  with  a  towel  or  cheese  cloth  ;  now,  with  a  piece  of  raw  cotton 
partly  saturated  with  turpentine,  gently  wipe  the  wet  feathers  down- 
wards, so  as  to  leave,  as  it  were,  a  thin  layer  of  turpentine ;  on  this 
place  dry  plaster  an  inch  or  more  thick,  according  to  the  size  of  the' 
bird,  etc.  Cn  a  few  minutes  replace  with  more  plaster,  and  continue 
antil  all  the  moisture  is  drawn  from  the  feathers,  when  the  plaster 
adhering  may  be  wiped  off  with  raw  cotton  and  the  feathers  blown 
apart  with  a  bellows,  or  by  taking  it  to  a  windy  place  and  smartly 
striking  and  alternately  raising  the  feathers,  the  plaster  will  be  blown 
away.    A  second  a4>|)lication  may  be  needed  if  the  feathers  are  stained. 

This  cleaning  is  usually  done  after  the  bird  is  skinned,  but  sometimes 
it  will  be  found  convenient  to  do  it  before.  Benzine  may  be  used  in- 
stead of  turpentine,  and  sometimes  soap  or  washing  compounds  will  be 
found  useful. 

With  small  dirty  spots  the  water  may  be  applied  with  a  piece  of  raw 
cotton,  a  sponge,  or  cloth,  and  the  feathers  gently  stroked  downward 
toward  the  tail,  parting  the  f«  athers  with  the  left  hand  while  the  right 
applies  the  water.  Cotton  is  much  the  best,  as  when  dirty  it  can  be 
thiown  away  and  a  new  piece  used. 

The  essential  points  in  cl(*aning  a  bird  skin  are  (I)  never  let  the  blood 
get  dry  on  the  feathers ;  (2)  always  use  the  plaster  immediately  after 
washing,  and  (3)  always  blow  out  thr  plaster  from  the  feath<  rs.  At  its 
best  cleaning  feathers  is  a  nasty  job,  but  by  following  the  above  an 
otherwise  worthless  bird  may  be  made  almost  as  good  as  an  unsoiled 
one. 

How  to  stuff  a  bird  skin, — There  is  far  more  art  in  stuffing  a  bird  skin 
properly  than  in  getting  the  skin  off  the  bird,  a  skillful  taxidermist 
being  able  to  make  a  good  specimen  out  of  a  skin  which  had  been  badly 
torn  or  otherwise  abused,  while  an  inexpeiienced  operator  will  naturally 
make  a  poor  specimen  out  of  one  that  has  been  properly  prepared  for 
him.  The  most  essential  of  all  thing:s,  in  the  way  of  materia],  is  a  good 
quality  of  raw  cotton,  that  with  a  long  Ntaple  or  fiber  being  necessary. 

The  orbits  (holes  from  which  the  eyeballs  were  removed)  should  first 
be  Oiled,  a  smoothly  rounded,  elastic  wad  being  inserted  in  each,  with 
the  smoothest  and  roundest  side  outward.  This  is  best  done  while  the 
skin  is  reversed  and  the  first  thing  after  the  preservative  is  applied.  A 
moderately  compact,  elastic  roll  of  cotton,  free  from  irregularities  and 
about  the  thickness  of  the  natural  neck,  is  then  inserted  throngh  the 
neck  and  pushed  forward  until  the  end  of  it  can  be  grasped  by  the  fin- 
gers or  a  pair  of  forceps  within  the  mouth,  where  it  should  be  firmly  held 
until  the  foreceps  are  withdrawn,  when  the  anterior  end  within  the 
mouth  should  be  carefully  pushed  back  so  that  when  the  bill  is  closed 
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no  part  of  it  is  exposed.*  While  a  pair  of  long  foreceps  is  asnally  ased 
for  inserting  the  cotton  through  the  neck,  a  far  handier  tooi  for  the 
purpose  is  an  ordinary  knitting  needle,  around  which  the  cotton  may 
be  deftly  twisted  and  shaped,  while  the  smooth  needle  can  be  much 
more  easily  withdrawn  than  can  a  pair  of  forceps.  This  same  needle 
may  also  be  used  for  shaping  the  eyelids,  by  pushing  from  the  inside 
the  wad  of  cotton  which  fills  the  orbit,  and  is  convenient  for  other  pur- 
poses. 

The  next  step  is  to  take  a  wad  of  cotton  and  manipulate  it  into  ao 
oval,  loose  or  fluffy,  ball,  as  near  as  possible  the  size  and  shape  of  the 
original  body.  Insert  one  end  of  this  into  the  opening  of  the  skin, 
beneath  the  end  of  the  neck  roll,  which  should  be  carefully  raised  and 
held  while  the  body  stuifiug  is  worked  beneath  it;  then  taking  hold  of 
the  edge  of  the  incision,  first  on  one  side  and  then  on  the  other,  pash 
the  cotton  into  place,  or  else,  by  holding  the  cotton^  gently  pull  the  skin 
over  it.  A  single  stich,  about  the  middle  of  the  incision,  Is  sufficient  to 
close  the  opening,  but  even  this  is  not  necessary. 

Should  the  bird  be  of  m^ium  or  large  size,  the  leg  bones  should  be 
wrapped  with  cotton  (or  whatever  material  has  been  used  for  stuffing), 
so  as  to  give  the  thigh  its  proper  shape. 

All  birds  with  long  necks  or  tender  skins  should  be  stiffened  by 
wrapping  the  neck  stuffing  as  well  as  that  of  the  body  around  a  wire  or 
stick.  If  a  wire,  it  should  be  sharpened  at  both  ends,  the  anterior  end 
being  forced  through  the  anterior  portion  of  the  head  and  the  opposite 
end  through  the  root  of  the  tail.  If  a  stick  is  used  the  anterior  end 
may  be  blunt  and  fitted  into  the  cavity  of  the  skull,  or  it  may  be  sharp- 
ened and  forced  into  the  bones  of  the  palate  or  anterior  portion  of  the 
head.  All  water  birds  (especially  ducks  and  small  waders),  as  well  as 
doves,  trogons,  OaprimulgidcBj  and  other  tender  skinned  birds,  should 
be  thus  strengthened. 

Now  comes  one  of  the  most  important  and  in  some  respects  the  most 
difficult  parts  of  the  whole  operation — the  shaping  or  **  making  up  "of 
the  specimen.  No  matter  how  faultlessly  the  bird  has  been  skinned,  or 
even  stuffed,  if  badly  "  made  up''  it  will  be  a  bad  specimen,  while  on 
the  other  baud  many  defects  of  either  skinning  or  stuffing  may  behidden 
by  careful  manipulation  at  this  important  stage  of  the  process.  To  do 
this  properly  proceed  as  follows: 

Take  a  thin  sheet  of  long-stapled  raw  cotton  (the  thinner  the  better, 
if  it  only  holds  together  and  will  stand  the  least  stra'n)  of  sufficient 
size  to  entirely  inclose  the  bird  when  wrapped  around  it.     Lay  this  on 

*Many  taxidermists,  instead  of  passiug  the  cotton  along  the  throat  to  the  month, 
push  the  end  of  it  into  the  cavity  of  the  skuU,  and  fill  the  throat  with  bits  of  loose 
cotton  passed  through  the  mouth.  This  is  a  very  good  method,  especially  if  the  head 
Ib  bent  so  that  its  axis  reposes  at  more  or  less  of  an  angle  with  that  of  thebody, 
■pecimens  thus  prepared  being  far  easier  to  monnt  than  those  which  have  been  made 
with  the  axis  of  the  head  continuous  with  that  of  the  body. 
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the  table  in  front  of  yon,  with  the  fibers  running  toward  and  from  yoa; 
lay  the  bird  carefully  on  this,  on  its  back,  with  head  to  your  left* 
Fluff  up  the  long,  loose  feathers  on  each  side  until  the  thumb  and 
forefinger  can  be  placed  beneath  them  and  then  gently  press  the  sides 
beneath  the  wings  together,  just  as  you  would  squeeze  a  wounded  bird 
to  kill  it,  only  the  pressure  need  not  be  so  strong.  Then  bring  the  wings 
up  a^rainst  the  sides  in  a  natural  position,  allowing  the  feathers  of  the 
sides  to  fall  or  lay  over  them,  and  adjust  the  wing- tips  beneath  the  base 
of  the  tail.  Lay  the  feet  in  a  natural  position,  spread  the  tail  as  much 
as  may  be  desired,  and  touch  up  the  plumage  wherever  there  is  any 
disarrangement  of  the  feathers.  When  the  specimen  has  been  thus 
properly  shaped  and  smoothed  take  up  one  edge  of  the  cotton  and  lift  or 
wrap  gently  over  that  side  of  the  bird  and  hold  until  the  opposite  edge 
is  brought  up  and  lapped  over  it,  drawing  less  where  the  circumference 
is  greater  and  more  where  it  is  smaller — the  main  object  being  to  have 
the  cotton  envelope  fit  as  exactly  as  possible  the  contour  previously  given 
to  the  specimen.  Care  should  be  taken  to  see  that  the  feathers  of  the 
abdomen  overlap  and  cover  the  incision  and  that  they  are  held  thus  by 
the  cotton  envelope.  The  cotton  about  the  head  may  be  twisted  around 
the  point  of  the  bill,  so  as  to  keep  it  closed,  but  it  is  better  to  first  close 
the  bill  by  passing  a  slender  needle  and  thread  through  the  nostrils 
and  tying  beneath  the  lower  mandiblct  This  had  best  be  done  imme- 
diately aiter  the  neck  filling  has  been  inserted. 

Different  collectors,  however,  have  almost  as  many  methods  of  wrap- 
ping skins.  One  of  the  best,  and  perhaps  easier  to  follow,  as  well  as 
more  satisfactory  in  its  results,  is  the  following,  practiced  by  Mr.  0.  W. 
Richmond,  of  Washington,  whose  specimens  are  particularly  admired 
for  their  fine  shape  and  smoothness. 

After  the  incision  on  the  abdomen  has  been  stitched  together,!  the 
feathers  arranged  and  the  legs  crossed,  the  skin  is  ready  to  be  wrapped. 
For  wrapping,  physicians'  absorbent  cotton  is  the  best.  Take  a  strip 
of  this  about  three  times  as  wide  as  the  diameter  of  the  bird's  body, 
and,  finally  arranging  and  smoothing  the  feathers  on  the  under  parts, 
lay  the  sheet  of  cotton  over  the  bird,  which  should  be  held,  on  its  back, 
in  one  hand,  between  the  thumb  and  forefinger  to  prevent  the  wings 
getting  out  of  place.  One  end  of  the  cotton  should  be  brought  over 
the  head,  and  the  bird  then  placed  on  the  table  or  skinning-board,  belly 
downward,  resting  on  the  cotton.  Any  excess  of  that  portion  of  the 
cotton  which  has  been  brought  over  the  head  may  be  removed,  the 
plumage  of  the  back  arranged,  and  the  corners  of  the  cotton  sheet 

*  If  the  operator  U  lefc  handed  the  position  shonld  of  coarse  be  reversed. 

t  Thick,  short  bills  (such  as  those  of  grosbeaks)  cannot  thus  be  kept  closed,  bat 
this  may  be  done  by  sticking  a  pin  (not  too  large)  through  the  extreme  anterior 
angle  of  the  chin  into  the  under  surface  of  the  npper  mandible. 

X  As  mentioned  on  page  22  it  is  not  absolutely  necessary  to  sew  the  edges  of  the 
inoiikm  together;  in  ttMt,  mtokj  good  ooUeoion  dispense  with  thie  entirelj. 
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brought  ap  over  eaoh  wiog,  taking  care  that  they  bind  somewhat  firmly 
at  the  shoulders,  so  that  the  wings  will  be  kept  in  the  proper  position 
after  the  opposite  edges  of  the  cotton  have  been  lapped  and  blended 
together.  The  two  posterior  corners  of  the  cotton  sheet  should  then  be 
brought  together  over  the  rump,  to  hold  the  tips  of  the  wings  in  plac^. 
Care  should  be  taken  to  have  the  sheet  of  cotton  of  uniform  thickness, 
otherwise  the  skin  will  present,  after  drying,  irregularities  of  contoar, 
corresponding  to  the  varying  thickness  of  different  parts  of  the  wrap- 
ping. It  is  very  important  to  avoid  drawing  the  cotton  too  tight  and 
thus  squeezing  the  skin  too  much,  a  very  common  and  very  serious 
fault  with  many  collectors,  an  nndersized  skin  being  far  more  objec- 
tionable than  one  which  is  overstuffed,  for  the  reason  that  the  defect 
is  practically  irremediable. 

After  the  bird  has  been  wrapped  the  wings  may  be  properly  ad- 
justed, care  being  taken  to  have  the  tips  even  with  one  another  and 
not  crossed  or  overlapped.  In  fact,  at  this  stage  the  skin  may  be  so 
manipulated  tbat  any  desired  degree  6f  smoothness  and  regularity  of 
shape  may  be  given  it,  practice  being  of  course  required  before  the  be- 
ginner can  become  really  proficient  The  finishing  touches  should  then 
be  given  and  the  skin  laid  aside  to  dry,  the  last  thing  being  to  see  that 
the  feet  and  tail  are  properly  adjusted. 

The  proper  wrapping  of  a  specimen,  as  described  above,  simple  as 
it  may  seem,  is  one  of  the  most  difficult  of  all  things  connected  with 
the  preparation  of  a  bird  skin,  and  requires  some  patience  as  well  as 
considerable  practice.  Some  experienced  collectors  and  taxidermists, 
though  able  to  make  first-class  specimens  in  their  own  way,  never  be- 
come expert  in  it,  and  consequently  do  not  adopt  this  method.  If  the 
beginner  can  learn,  however,  to  make  up  his  skins  in  this  way  he 
should  do  so,  since  there  can  be  no  question  as  to  its  advantages,  the 
most  important  of  which  are  that  specimens  dry  much  quicker  than 
when  put  away  in  a  paper  cylinder,  hold  their  shape  better,  and  when 
dried  are  all  ready  for  packing.  The  only  serious  defect  is  the  danger 
of  wrapping  the  skin  too  tightly,  thus  making  it  '^  undersized,"  alluded 
to  above  as  a  very  common  fault  with  those  who  have  adopted  this 
method.  This  may  be  avoided  by  first  taking  the  circumference  of  the 
bird  before  it  is  skinned,  by  means  of  a  paper  band  or  hoop  just  wide 
enough  to  hold  the  wings  up  against  the  sides  (as  recommended  on 
page  16),  and  then  putting  this  hoop  around  the  stuffed  bird  before  the 
cotton  is  wrapped  around  it. 

Very  large  birds  should  never  be  stuffed  to  their  full  size,  which  would 
involve  unnecessary  waste  of  space — a  very  serious  thing  when  travel- 
ing. Just  enough  cotton,  tow,  or  excelsior,  or  whatever  is  used  for  stufT- 
ing,  to  keep  the  opposite  sides  of  the  skin  from  coming  in  contact  with 
eaoh  other  is  sufficient,  the  neck,  however,  and  the  thighs  being  stofEed 
to  nearly,  if  not  quit6|  the  natural  8ize« 
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Large  birds  with  very  lonpf  necks  or  legs  sbonld  also  have  thes^  mem- 
bers folded  or  doubled  over  to  economize  space  in  packing. 

If  the  tail  has  peculiar  markings  which  can  not  be  satisfactorily  ^een 
unless  it  is  spread,  they  can  be  easily  displayed  by  the  following  very 
simple  process :  The  base  of  the  tail  having  been  properly  cleaned  by 
cutting  out  the  wedge-shaped  piece  which  projects  into  the  middle  por- 
tion, removing  the  oil-gland,  etc.  (as  described  on  pagi^  17),  pass  a  needle 
and  thread  from  one  side  of  the  base  to  the  other  across  the  interven- 
ing angle,  and  then  tie  the  thread  after  it  has  been  drawn  sufficiently 
tight — the  tighter  it  is  drawn,  of  course,  the  more  the^eathers  will  be 
spread  apart  at  the  end. 

The  primaries  can  be  spread  for  a  similar  purpose  by  passing  a  suffi- 
ciently small  sharpened  wire  through  their  stems,  near  the  base,  and 
separating  the  individual  quills  to  the  desired  distance  from  one 
another. 

Birds  with  crests  should  have  the  head  turned  so  that  while  the  bird 
lies  upon  its  back  one  side  of  the  head  lies  upward,  the  feathers  of  the 
crest  being  erected  and  kept  in  that  position  until  the  skin  is  dry. 

Determining  the  sex  of  specimens. — ^The  sex  of  a  specimen  should  never 
be  guessed  from  the  character  of  the  plumage,  as  is  unfortunately  very 
often  done,  but  always  by  dissection.  Sometimes  the  generative  organs 
have  been  so  injured  by  shot  that  this  is  impossible.  Should  this  be 
the  case,  the  sex  mark*  should  be  wholly  ignored  or  else  queried,  as  cir- 
cumstances most  justify.  If  the  organs  have  not  been  injured,  the  sex 
of  the  specimen  may  be  ascertained  after  skinning  by  making  an  in- 
cision in  the  side  near  the  vertebrsd  and  exposing  the  inside  surface  of 
the  ^'  small  of  the  back."  The  generative  organs  will  be  found  tightly 
bound  to  this  region  (nearly  opposite  to  the  last  ribs)  and  separating 
'  it  from  the  intestines.  The  testicles  of  the  male  will  be  observed  as  two 
spheroidal  or  ellipsoidal  whitish  bodies,  varying  with  the  season  and 
species  from  the  size  of  a  pin's  head  to  that  of  a  hazelnut.  The  ova- 
ries of  the  female,  consisting  of  a  flattened  mass  of  spheres,  variable  in 
size  with  the  season,  will  be  found  in  the  same  region. 

A  good  magnifying  glass  is  of  great  assistance  in  determining  the 
sex  of  small  birds,  particularly  the  young,  in  which  the  organs  are  but 
slightly  developed. 

Labeling  specimens, — The  labeling  of  a  specimen  is  a  very  impor- 
tant matter;  in  fact  the  label  is  part  of  the  specimen,  whose  value  is  in 
direct  ratio  to  the  conciseness  of  the  data  inscribed  on  its  label. 

While  tags  have  been  recommended  for  temporary  use,  a  permanent 
label,  attached  to  the  specimen  as  soon  as  it  is  prepared,  is  far  better, 
and  should,  if  practicable,  be  used  in  preference.  Tie  your  labels  an 
securely^  and  do  not  tie  with  a  string  lorujer  than  is  necessary.  Essential 
data  are  precise  locality ^  date,  sex^  and  nam>e  of  the  collector^  but  other  items 
of  information  may  be  added  if  the  collector  sees  fit. 

*  Tb«  signs  oaed  to  denote  the  tex  are  i  tot  m/kU^  9  for /mhoI*. 


BULLETIN   39,    UNITED   STATES   NATIONAL   MUSEUM.         [26J 

To  tie  the  label  to  both  legs  (where  they  cross  one  another),  is  possi- 
bly an  advantage  as  making  it  less  easy  to  tear  the  label  off;  bat  this 
doubtful  advantage  is  much  more  than  counterbalanced  by  several  dis- 
ailvantages,  which  are  unpleasantly  realized  when  a  measurement  of 
the  tarsus  has  to  be  made  or  when  one  is  describing  or  making  a  draw- 
ing of  the  specimen.  It  is  recommended,  therefore,  that  the  label  be 
always  tied  to  one  leg  only,  preferably  the  right 

Drying  nkins. — Skins  should  be  dried  before  they  are  packed  for  ship- 
ment, otherwise  they  may  mold.  This  may  be  done  by  exposing  to  the 
Run  for  a  short  time  (a  longer  time  is  of  course  required  for  larger  speci- 
mens), or  keeping  in  a  warm  dry  room  for  the  necessary  length  of  time. 
They  should  not  be  drieil  too  quickly,  however  as  this  will  cause  them 
to  become  brittle,  and,  above  all,  never  attempt  to  dry  them  by  baking. 

Protection  of  skins  against  insects. — No  matter  how  well  poisoned  with 
arsenic,  skins  are  apt  to  be  attacked  by  insects,  which  destroy  or  disfig- 
ure parts  not  protected  by  the  poison,  as  the  bill,  feet,  shafts  of  the 
quill-  and  tail-feathers,  etc.  In  order  to  prevent  this,  the  parts  liable 
to  such  injury  should  be  painted  with  an  alcoholic  solution  of  oil  of 
bitter  almonds,  oil  of  red  cedar,  or  some  equally  pungent  substance, 
and  the  box  in  which  the  specimens  are  packed  should  be  tight  as  pos- 
sible, and  tobacco  leaves,  naphthaline,  or  camphor  placed  in  with  the 
specimens.  An  alcoholic  solution  of  corrosive  sublimate  is  very  effect- 
ive, but  is  also  dangerous  to  the  health,  and  its  use  is  not  to  be  recom- 
mended unless  other  equally  efficacious  substances  can  not  be  obtained. 
An  excellent  way  to  protect  specimens  from  destructive  insects  is  to 
wrap  each  one  in  a  piece  of  paper  and  gum  together  all  the  openings  so 
that  insects  can  not  enter — a  drop  of  oil  of  red  cedar  or  oil  of  bitter  al- 
monds, a  few  crystals  of  naphthaline,  or  something  of  the  kind  being 
inclosed  with  the  skin. 


§5.  PACKING  SPECIMENS  FOB  SHIPMENT. 

If  specimens  are  not  properly  packed  they  can  not  be  expected  to 
reach  their  destination  in  good  condition,  but  it  is  very  easy  to  pack 
them  in  the  right  way  if  the  following  rules  are  observed: 

(1)  Never  pack  bird  skins  in  the  same  box  with  geological  speci- 
mens, stone  implements,  deer  heads,  or  other  hard  and  heavy  objects. 

(2)  Place  the  largest  birds  at  the  bottom  of  the  box,  the  smallest  on 
top. 

(3)  Fill  spaces  between  the  specimens  with  ** excelsior'' packing  or 
some  other  dry  elastic  vegetable  substance  (not  cotton,  which  is  too 
light,  except  for  small  birds  alone). 

(4)  Pack  the  box  quite  full. 

(5)  Line  the  box,  if  practicable,  with  thick  paper  before  the  birdt 
are  pat  iiL 
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^6.  RECORDS. 

The  6eld  uotes  of  a  colleotor  may  be  nearly  as  valuable  as  his  spec! 
mens.  Tbey  should  iuclude  observations  on  the  habits,  notes,  etc.,  of 
the  various  species  met  with,  the  kinds  of  localities  they  frequent,  their 
food,  and  all  matters  which  concern  their  life  history.  These  notes 
may  be  written  either  in  a  book  or  on  separate  scraps  of  paper  (pref- 
erably the  former),  but  should  never  be  written  an  both  aides  of  the  paper ^ 
unless  the  supply  runs  short,  in  which  case  it  will  be  necessary  to  have 
one  page  of  each  leaf  copied  before  the  notes  can  be  properly  utilized. 

In  addition  to  these  field  notes,  the  collector  should  catalogue  his 
specimens  as  they  are  obtained,  beginning  with  No.  1,  and  he  should 
have  a  single  set  of  numbers.  The  catalogue  number  of  each  speci- 
men should  be  given  both  in  this  catalogue  and  on  the  label  of  the 
specimen  itself,  and  the  full  data  also  duplicated  in  the  same  manner. 
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DIRECTIONS  FOR  COLLECTING  RECENT  AND  FOSSIL  •  PLANTS. 


By  F.  H.  Knowlton, 
AesUtant  Curator  of  the  Department  of  Botany,  U,  8.  National  Museum, 


A.— RECENT  PLANTS. 

INTRODUCTION. 

In  corapiling  this  series  of  directions  for  collecting  and  preparing 
plants  for  the  herbarium,  I  have  taken  as  a  basis  the  admirable  account 
prepared  by  Prof.  Lester  F.  Ward,  and  published  as  an  appendix  to 
his  "Guide  to  the  Flora  of  Washington  and  Vicinity,''*  having  simply 
extended  the  limits  so  as  to  include  directions  for  collecting  the  lower 
as  well  as  the  higher  plants.  I  have  therefore  quoted  freely  from  Pro- 
fessor Ward's  Bulletin,  and  have  taken  the  directions  for  preparing 
plants  for  the  herbarium  with  but  little  change.  I  have  also  consulted 
various  published  accounts  and  collector's  manuals,  such  as  Bailey's 
Botanical  Oollector's  Hand  Book,  the  Herbarium  Number  of  the  Bo- 
tanical Gazette  (vol.  xi,  June,  1886),  scattered  notes  in  the  various 
botanical  periodicals,  etc.,  for  which  due  acknowledgment  is  rendered 
in  each  instance.  Many  of  the  suggestions  are  the  result  of  an  extensive 
personal  field  experience. 

I  wish  further  to  acknowledge  the  assistance  rendered  by  Messrs. 
Waite,  Holm,  Holzinger,  Burgess,  and  others,  who  have  contributed 
directions  for  collecting  among  the  various  lower  groups  of  plants. 

I.  List  op  Implements  and  Appliances  Required  for  Collecting  : 

(1)  Portfolio,  botanical  case. 

(2)  Knife,  trowel,  cane,  dredge,  gloves. 

(3)  Plant  press,  drying  papers,  thin  papers,  papers  for  dried  plants. 

(4)  Notebook. 

II.  Directions  for  Collecting: 

(1)  Phanerogamous  and  vascalar  Cryptogamous  plants. 

(a)  Ordinary  flowering  plants  and  vascular  Cryptogams. 
(h)  Cactacea),  fleshy  plants,  etc. 

*  Bnlletin  of  the  U.  S.  National  Museum,  No.  22,  Washington,  1881. 
[6] 
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II.  Directions  for  Collecting — Continued. 

(2)  Cryptogamous  plants.    [Cellular.] 

(a)  Mosses  and  Liverworts  (Bryophyta). 

(b)  Lichens, 
(o)  Algae, 

Fresh  water. 
Marine. 
{d)  Fungi. 

Fleshy  fungi.  Agarics,  eta 
Parasitic  fungi. 

(3)  Preservation  of  plants  in  alcohol. 

III.  Preparing  Plants  for  the  Herbarium  ; 

(1)  Care  of  the  dried  plants,  poisoning,  etc 

(2)  Making  a  herbarium. 

(3)  Care  of  duplicates. 

I.— Implements  and  Appliances  fob  (JOLLECTiNa. 

PORTFOLIO. 

The  drst  thing  to  be  decided  upou  is  the  receptacle  which  is  to  hold 
the  plants  while  actually  in  the  field,  and  before  they  have  been  pre- 
pared for  the  drying  process.  Long  experience  has  shown  that  a  port- 
folio of  some  form  is  the  most  serviceable,  and  admits  of  being  nsed 
under  a  greater  variety  of  conditions  and  for  a  greater  diversity  of  ob- 
jects than  any  other  form  of  receptacle.  A  great  many  modifications 
of  the  portfolio  have  been  used  and  recommended  by  various  botanists, 
but  the  simpler  it  is  the  more  satisfactory  it  will  usually  prove  to  be. 
A  very  serviceable  and  convenient  portfolio  may  be  made  by  taking  two 
pieces  of  thick  pasteboard  or  strawboard  12  inches  wide  and  18  inches 
long,  and  fastening  them  together  by  running  two  strings  or  straps 
through  the  bottom  and  top.  These  strings  or  straps  should  be  long 
enough  to  tie  or  buckle  at  the  top  so  as  to  apply  a  slight  pressure  to 
the  containe )  plants  and  also  to  prevent  the  plants  from  falling  out. 
By  this  process  the  thickness  of  the  portfolio  may  be  varied  at  any 
time.  Another  very  good  method  is  by  lacing  the  pieces  of  strawboard 
together  at  the  back  only  by  means  of  strong  cord,  and  using  a  strap 
about  the  middle  to  supply  the  pressure  and  keep  the  plants  in  place. 
This  strap  will  also  serve  as  a  handle,  or,  when  long  enough,  to  pass  over 
the  shoulder. 

Strong  rubber  bands  may  also  be  used  in  place  of  the  leather  straps. 
The  covers  of  an  old  book,  when  of  suitable  size,  may  be  made  into  a 
portfolio  that  will  do  good  service. 

A  still  more  perfect  portfolio  may  be  made  "  of  binders'  boanls,  either 
united  at  the  back  by  leather,  as  in  a  book,  or  left  so  far  separate  as  to 
allow  pressure  to  be  applied  by  means  of  the  two  straps  which  pass 
around  it  near  the  ends,  free  or  attached  to  one  side  only.  It  should 
be  covered  or  bound  with  strong  cotton  cloth,  well  glued  in  every  part, 
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painted  black  and  Tarnished,  making  it  as  nearly  waterproof  and  as 
durable  as  possible."    (Bailey.) 

Still  other  forms  of  the  portfolio  have  been  recommended  by  botanical 
collectors.  Tbe  wire-press,  or  portfolio,  is  one  of  these.  It  cousiats  of 
two  frames  of  wire  fastened  as  in  the  others  with  straps  or  bands  of 
rubber.  A  lattice-work  portfolio  has  also  been  suggested.  Bat  these 
laDcy  styles  are,  on  the  whole,  not  to  be  recommended,  as  tbey  {re- 
quently  defeat  the  object  in  view.  They  allow  a  rapid  escape  of  mois- 
ture, and  the  plants  may  become  partially  dried  and  brittle  before  the 
end  of  the  day's  trip,  and  no  appliaoce  cao  possibly  do  away  with  the 
necessity  of  properly  pressing  the  plants. 

Having  decided  apou  the  |>ortfolio,  it  should  be  filled  with  four  or 
five  qaires  of  light  but  strong  paper,  which  may  be  fastened  into  the 
covers  in  a  variety  of  ways,  or  left  loose.  It  is  Dot  desirable  that  this 
paper  be  bibatoas,  for  the  object  is  to  keep  the  plants  as  fk'esh  as  possible 
nntil  they  can  be  arranged  and  put  into  the  press,  which  may  often  be 
several  hours  after  they  were  collected,  particularly  wlien  making  long 
marches.  If  the  traveling  is  done  on  horseback  it  is  beat  to  have  the 
handles  of  the  portfolio  arranged  so  as  to  slip  readily  over  the  horn  of 
the  saddle,  where  it  will  be  acqessible  al  a  moment's  notice. 

"So  attempt  need  be  made  to  keep  a  portfolio  genteel,  especially 
within.  By  the  time  it  has  been  well  filled  out  a  few  times  with  moist 
plants  and  muddy  roots,  all  the  fancy  paper  that  is  put  into  it  will 
have  lost  its  charm.  •  •  •  Any  paper  that  is  put  into  it  is  destined 
to  get  wet  and  torn,  and  to  require  renewal  several  times  a  season,  and 
it  should  therefore  be  cheap.  •  *  •  Moderately  thick  and  firm 
manilla  paper  is  upon  the  whole  recommended."    (Ward.) 

BOTAHIZING  CASE  (VASOULUM). 

In  place  of  the  portfolio 
some  collectors  prefer  a  me- 
tallic case  (tin  or  zinc)  and 
for  certain  kinds  of  collect' 
ing  it  has  decided  advan 
tiiges.  It  should  be  ellip. 
tical  in  cross- section,  about 
20  inches  long  and  7^  inches 
in  greater  and  4^  or  5  inches 

inlesserdiameter.    A  close-  Fi«.  i-hoi^lUibk »->. 

ly   fitting   door   or   lid    is 

placed  in  one  side,  which  should  be  CJ  by  18J  inches  in  size ;  it  should 
be  hinged  below  and  fastened  by  a  simple  clasp  above.  It  is  carried 
over  the  shoalders  by  a  broad  strap. 

In  some  cases  it  may  be  desirable  to  make  the  box  of  larger  size,  and 
to  have  one  or  more  compartments  partitioned  off  inside  for  small  or 
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delicate  specimens  that  might  be  iqjared  by  other  plants  ia  the  large 
compartmeut. 

Planta  collected  in  a  box  of  this  kind  will  remain  perfectly  fresh  for 
a  considerable  time  and  may  then  be  ezamiDed  to  much  better  advan- 
tage than  if  preserved  in  a  portfolio,  where  they  will  nnavoidably  be 
more  or  less  cmshed, 

"The  box  requires  tesa  time  to  open,  is  more  manageable  in  windy 
weather,  preserves  the  plants  fresh  for  examination  at  home,  and  is 
especially  serviceable  when  some  time  must  elapse  before  the  plants 
can  be  placed  in  the  press.'*  (Gerald  McCarthy  in  Botanical  OazettCt 
XI,  p.  134.) 

POOKET-KNIFB. 

The  collector  should  always  be  provided  with  a 
stroiigpocket-knife,  which  is  useful  ill  a  great  variety 
of  ways,  such  as  cutting  branches  of  trees,  trimming 
fipecimeus,  removing  fungi  and  lichens  from  the  bark 
of  trees,  and  even  for  digging  up  small  plants. 


Some  sort  of  a  digging  instrument  will  be  found 
indispensable  in  taking  up  plants  by  the  roots,  or  in 
securiug  rootstocks  and  other  nudergronnd  stems. 
The  style  of  trowel  used  by  gardeners  is  very  good, 
and  should  be  strong  and  not  likely  to  be  easily 
broken.  An  old  flat  file  ground  down  and  provided 
wttli  a  wooden  handle  is  also  very  serviceable.  The 
trowel  may  be  conveniently  carried  in  a  leather 
Fio.  a-Trow.  I  sheath  attached  to  the  belt  or  fastened  by  some  sim- 

ple device  to  the  portfolio. 


It  is  often  very  desirable  to  have  some  sort  of  an  implement  that 

may  be  nsed  in  securing  water  plants  that  can  not  be  reached  with  the 

bands. 

For  this  puriiose  a  dredge  made  as 
follows  is  recommended:  An  iron  rod 
five-sixteenths  of  an  inch  in  diameter 
and  about  12  incbes  long,  bent  to  form 
a  small  ring  at  one  eud,  passes  throngh 
^   ,  ..^^ and  carries  below  its  center  a  disk  of 

Fia.  3— DredKs  for  aqmitlc  pints. 

lead  about  3  inches  in  diameter.  This 
disk  holds  embedded  in  it  12  to  14  Iron  hooks  all  bent  toward  the  same 
side.  The  hooks  project  about  an  inch  from  the  leaden  disk  and  curve 
inward  about  an  inch.    The  iron  rod  projects  about  3  inches  beyond  the 
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leadeu  disk,  so  tbat  the  end  of  the  rod  atrikes  the  bottom  first.  The 
lead  shoald  be  heavier  od  the  siilu  towards  the  hooks,  so  that  the  dredge 
will  fall  with  hooks  downward.  (T.  F.  Alleu,  in  Botanical  Gazette,  xi, 
p.  141.) 


The  collector  sboald  also  be  provided  with  a  pair  of  thick,  heavy 
t;l<)ves,  which  will  be  used  when  coUectiug  thorny  or  spiuy  plants  such 
aa  Cactaceffi. 

PLANT  PRESS. 

Asia  the  caaeoftbe  portfolio,  maoy  forinsalsoof  the  plant  press  have 
been  devised  and  recommeuded.  The  best  press  for  general  use  consists 
<  it  two  pine  boards  1  inch 
thick,  12  inches  wide, 
and  18  inches  long,  hav- 
ing each  two  cleats  on 
one  side,  one  across  near 
each  end.  The  pressure 
is  obtained  by  means  of 
a  stout  leather  strap, 
which  should  be  6  feet 
long  and  1^  or  2  inches 
wide  and  provided  with 
a  very  strong  bnckle  se- 
curely rivete<l  to  the 
strap.  Tougne  boles 
should  be  punched  in 
the  strap  IJ  inches  apart 
for  a  distance  of  4  feet 
from  the  end.  It  is  de- 
sirable that  this  strap 
should  be  snpple,  as  a 
ctiff  strap  is  unmanage 
able.  If  the  collection 
i»)  to  bo  stationary  for 
a  considerable  length 
of  time,  heavy  weights, 


n.  t— Pluit  praH  olme^. 


no.  G— Plant  prui'  open. 


such  as  flat  rocks,  bricks,  a  box  of  sand,  or  something  of  the  kind,  may 
Ite  used  to  obtain  tbe  requisite  pressure,  and  the  straps  dispensed  with 
except  when  traveling.  The  lattice-work  presses  can  not  be  recom- 
mended, as  they  are  much  more  liable  to  damage,  and  moreover  the 
plants  depend  in  drying  more  upon  tbe  absorptive  qualities  of  the 
paper  employed  than  upon  the  evaporation  which  can  take  place  from 
the  surface  ot  the  package. 
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BBIEBS. 

The  ideal  driers  are  made  of  blotting  paper  cat  iuto  sheets  12  inches 
wide  and  18  inches  long,  bat  as  these  are  expensive  it  is  best  to  employ 
the  driers  sold  regnlarly  by  dealers  in  botanical  material.  These  are 
made  by  catting  to  the  reqnsite  size  the  paper  ased  to  pat  ander  car- 
pets. This  paper  is  thick,  felt-like,  and  very  bibnloas  and  perfectly 
satisfactory  for  all  parposes.  If  thia  can  not  be  obtained,  the  common 
coarse  brown  wrapping  paper  will  answer  very  well,  and  even  old  news- 
papers may  be  ased  if  nothing  better  can  be  had.  The  only  thing 
is  to  have  papers  that  will  readily  take  ap  moistare  and  as  readily  part 
with  it. 

THIN  PAPERS. 

The  so-called  thin  papers  are  the  papers  between  which  the  plants  are 
placed  while  they  are  undergoing  the  process  of  dying.  They  should 
be  cat  to  the  same  size  as  the  driers  and  may  be  either  half  or  doable 
sheets;  that  is,  a  single  sheet  12  by  18  inches  or  a  sheet  24  by  18  inches 
folded  through  the  middle  so  as  to  produce  the  required  size.  These 
papers  should  be  thin  but  strong,  and  unglazed.  The  grocers'  tea  paper, 
as  it  is  called,  which  may  be  obtained  of  any  grocer  or  paper  dealer,  is 
the  best.  Old  newspapers,  however,  may  be  substituted  if  the  other 
can  not  be  obtaiued.  As  these  thin  papers  may  be  used  over  and  over 
again  it  is  only  necessary  to  be  provided  with  as  many  sheets  as  there 
are  driers,  or  if  single  sheets  are  used,  with  twice  as  many. 

PAPERS  FOR  THE  DRIED  PLANTS. 

Many  good  collectors  use  the  double  sheets  of  thin  paper  mentioned 
above  aud  allow  the  plants  to  remain  in  them  after  they  are  dry,  and  if 
the  supply  of  thin  papers  is  sufficient  this  may  be  a  good  plan,  but 
usually  they  are  taken  out  of  the  thin  papers  and  put  into  thicker 
papers,  or  old  newspapers  cut  to  the  requisite  size.  The  plants  as  soon 
as  thoroughly  dry  can  be  made  up  into  packages  of  convenient  size, 
and  the  collector  should  always  be  provided  with  some  means  of  so 
cariug  for  them,  as  otherwise  the  full  capacity  of  the  collecting  outfit 
may  be  impaired  by  using  the  thin  papers  or  driers  for  this  purpose. 

NOTE  BOOK. 

Lastly,  tlie  collector  should  always  be  provided  with  a  note  book  of 
convenient  size,  in  which  everything  of  interest  relating  to  the  plants 
or  their  habitat  should  bo  recorded.  It  is  best  to  have  it  of  uncalen- 
dered  paper,  for  the  reason  that  it  is  often  desirable  to  make  sketches, 
which  can  not  be  so  well  made  on  a  smooth  surface.  <'  It  should  have 
strong  but  light  flexible  covers,  and  be  of  such  a  form  as  to  be  readily 
carried  in  the  coat  pocket,  and  in  it  there  should  be  a  place  for  one  or 
moi'e  pencils  and  the  field  labels."    (Bailey.) 
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'^  In  this  book  should  be  jotted  down  any  such  observations  as  one 
can  not  trust  to  memory,  as  the  color  of  flowers  (a  very  fleeting  thing), 
the  height  of  the  plant,  perhaps  the  character  of  the  soil,  the  associa- 
tion and  prevalence  of  particular  plants  in  the  vicinity,  and  the  correl- 
ative insects.  As  in  these  days  sciences  are  so  interwoven  with  each 
other,  it  may  even  become  necessary  or  desirable  to  record  altitude  or 
aieteorological  phenomena."    (Bailey.) 

II. — Directions  for  Collecting  Plants. 

PHANEROGAMOUS  PLANTS  AND  VASCULAR  CRYPTOGAMS. 
FLOWERING  PLANTS,  FBRNS,   HORSETAILS,  ETC. 

*<  It  is  an  art  to  collect  plants  properly.  As  regards  their  collection, 
plants  may  be  divided  into  two  general  classes — herbaceous  and  shrubby 
plants.  All  herbs  of  moderate  size  and  height  should  be  collected  en- 
tire. It  is  not  sufficient  to  break  or  cut  them  off  at  such  a  point  on  the 
stem  as  will  insure  a  specimen  of  the  proper  length.  Every  part  of  a 
plant  has  a  character  of  its  own  and  one  which  should  be  represented 
in  the  collection.  The  leaves  of  most  herbs  vary  in  form  at  different 
points  on  the  stem,  and  the  same  is  generally  true  of  the  degree  of 
pubescence,  which  is  a  character  of  the  first  importance.  Even  the  dead 
leaves  about  the  base  are  distinctive  and  should  never  be  torn  off.  If 
radical  leaves  exist,  they  should  be  collected  with  great  care,  and  to 
secure  these  it  is  often  necessary  to  collect  them  at  a  different  time  of 
the  season  from  that  in  which  the  flowers  are  obtained.  No  part  of  the 
plant  is  more  characteristic  than  its  root.  It  must  not  be  forgotten  that 
every  plant,  except  epiphytes  and  parasites,  has  a  subterranean  as  well 
as  an  aerial  portion,  and  where  only  one  is  exhibited  only  half  of  the 
plant  is  represented.  Of  course  there  are  many  plants,  even  herba- 
ceous ones,  whose  roots  can  not.  be  reduced  to  dimensions  adapted  to  a 
herbarinm,  but  wherever  it  is  possible  the  entire  specimen,  root  and 
•stem  should  be  secured.  Much  larger  plants  may  thus  be  collected 
,  than  is  often  supposed  possible,  as  will  be  explained  presently. 

^*  For  large  herbs  with  spreading  branches  the  best  that  can  be  done 
is  to  collect  the  flowering  portions  in  specimens  of  suitable  size  and 
supplement  them  with  leaves  selected  from  lower  parts  of  the  stem. 

^'As  regards  shrubby  plants  and  trees,  the  flower  and  leaf- bearing 
twigs  should  be  collected,  and  if  the  leaves  vary  on  different  parts  of 
the  plant  the  different  forms  should  be  collected.  Occasionally  it  is 
desirable  to  strip  off  a  portion  of  the  bark  as  a  distiuctive  part  of  the 
species  in  question. 

"The  representative  parts  of  every  plant  are  flowers,  fruit,  and  leaves, 
and  no  specimen  can  be  regarded  as  complete  without  all  these  parts. 
Often,  as  in  many  Cruciferse,  all  these  can  be  found  combined  in  the 
same  specimen  at  once,  but  in  most  cases  it  requires  at  least  two  sepa- 
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rate  collections  and  di£ferent  times  in  the  season.  When  fruit  can  be 
found  attached  to  the  stem  and  leaves,  this  is  of  course  the  preferable 
way,  since  it  leaves  no  possible  doubt  as  to  the  identity  of  both.  This 
should  therefore  be  done  as  long  as  the  size  of  the  fruit  will  permit, 
and  is  recommended  in  the  case  of  all  acorns  and  even  in  hickory-nuts. 
In  the  case  of  larger  fruits,  such  as  the  walnut  (Julians),  the  crab- 
apple,  or  the  persimmon,  the  fruit  can  be  collected  separately."    (Ward.) 

The  above  statements  regarding  the  necessity  of  visiting  a  plant  at 
different  times  or  seasons  in  order  to  secure  a  complete  representation 
of  course  only  apply  when  the  collector  is  able  to  remain  in  the  vicin- 
ity for  a  considerable  period  of  time.  When  the  collector  is  passing 
hastily  through  a  country  he  will  always  find  many  things  that  can 
only  be  collected  in  an  imperfect  state,  but  they  should  by  no  means 
be  neglected  on  this  account,  for,  on  the  principle  that  ^^half  a  loaf  is 
better  than  no  loaf,"  valuable  things  may  often  be  secured  in  this  way. 
Leaves  unaccompanied  by  either  flowers  or  fruit,  or  fruit  without  flowers 
or  leaves,  can  usually  be  identified,  and  even  the  exceedingly  difficult 
willows,  as  I  am  informed  by  Mr.  M.  S.  Bebb,  the  eminent  salicologist, 
can  be  collected  without  either  flowers  or  fruit  and  yet  be  identified. 
In  the  case  of  such  plants  as  the  willows,  however,  this  course  shouhl 
only  be  adopted  when  everything  else  fails. 

^<  For  most  herbaceous  plants  enough  has  already  been  said  to  guide* 
the  beginner  in  securing  good  specimens.  Nearly  all  botanists  take  a 
pride  in  this,  and,  aside  from  its  purely  esthetic  aspect,  it  is  of  the  first 
scientific  importance.  The  plant  should  in  all  oases  be  represented, 
and,  as  art  only  aims  to  imitate  nature,  so  good  taste  coincides  with  the 
scientific  requirement  that  the  plant  after  collection  should  resemble  as 
nearly  as  possible  the  plant  before  collection. 

^^  Small  annuals  growing  in  loose  soil  can  usually  be  pulled  up  by 
the  roots  without  injury  to  the  latter,  and  this  is  then  the  best  course ; 
but  if  the  plant  is  very  rare  it  is  best  not  to  trust  to  this,  for  fear  of  in- 
juring the  only  specimen.  It  is  but  the  work  of  a  moment  to  insert  the 
trowel  below  it  and  carefully  shake  the  roots  clean.  Nearly  all  biennials 
and  perennials  require  to  be  dug  up,  but  this  will  be  found  less  labor 
than  might  be  supposed.  A  little  practice  will  render  any  one  skilled 
enough  to  take  up  nearly  all  ordinary  plants  with  one  or  two  strokes  ot 
the  trowel.  As  it  is  impossible  to  tell  in  what  direction  a  horizontal 
rhizoma  may  extend,  it  is  best  to  strike  in  at  some  distance  from  the 
base  of  the  plant  and  at  a  considerable  angle,  so  as  to  go  beneath  it. 
If  it  can  not  be  raised  upon  the  trowel  at  the  first  thrust,  make  a  simi- 
lar one  on  the  opposite  side,  meeting  the  former.  In  soddy  ground  it 
is  often  necessary  to  cut  out  a  conical  clod,  with  the  plant  in  its  center, 
and  then  remove  the  earth  from  the  roots  after  it  is  taken  out  of  the 
ground.  This  is  frequently  the  case  with  Varices^  which  should  never  be 
broken  ofi  at  the  top  of  the  ground. 

^'  In  placing  plants  in  the  portfolio  it  is  usually  worth  while  to  take  a 
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little  paiua  with  them.  They  wilt  Dever  again  be  as  firm  aud  easily 
placed,  and  if  the  above  directious  about  not  allowiog  them  to  move 
afterwards  are  followed,  it  will  be  found  that  every  minute  so  employed 
will  save  many  at  the  eecsond  handling.  Still  there  is  a  limit  of  econ- 
omy in  this,  and  in  many  cases  it  is  fally  as  well  to  pay  no  further 


Fia.  S—SorlpnB  a 
faoldlDsIn  pube  di 


hI  of  bendiEK  a  plan 


attention  to  the  specimens  than  to  see  that  they  are  snngly  inclosed  in 
tbe  folds  of  the  book.  Xo  end  shonld,  nnder  any  circumstances,  be 
allowed  to  project.  Whatever  portion  does  so  is  sure  to  be  ruined ;  for, 
in  the  first  place,  it  is  exposed  to  the  air  and  sun  and  dries  ap,  and,  in 
the  second  place,  it  is  certain  to  rub  against  bashes  and  other  objects 
and  be  torn  and  bruised.  The  specimeus  mast  go  wholly  inside  the 
portfolio.  This  suggests  a  remark  upon  specimens  longer  tliun  the 
book  they  are  to  be  placed  in.  How  is  this  to  be  done  T  If  only  a  little 
less  than  twice  the  length,  a  bend  in  the  middle  is  the  thing  required. 
Bnt  do  not  guess  at  the  middle ;  place  the  full-length  plant  ujion  the 
book;  see  that  one  end  clears  by  at  least  an  inch ;  then  bend  the  stem 
over  your  finger  an  inch  from  the  other  end.  If  the  stem  is  tough 
and  wiry  and  refuses  to  remain  in  position  after  it  has  been  bent,  a 
piece  of  paper  with  a  slit,  as  shown  in  Fig.  6,  may  be  put  over  the  end. 
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If  the  stem  is  di8i>o8ed  to  break,  bend  it  over  a  larger  object,  aa  yoar 
knee  or  tbe  palm  of  your  hand.  If  it  breaks,  tliis  can  not  be  lielped 
and  does  not  materially  detract  from  the  value  of  the  specimen.  Keep 
the  parts  always  together  as  if 
ithad  not  been  broken.  If  the 
specimen  is  too  long  for  one 
length,  bat  less  than  twice  the 
required  length,  do  not  bend 
it  in  the  middle,  bat  nearest 
one  end,  so  as  to  maintain  the 
proper  length.  (See  Fig.  7.) 
In  mostcaaesthe  upper  should 
be  tbe  short  end,  and  naturally 
droop  or  lop  over,  but  occa- 
sionally it  is  better  to  bend 
nest  the  base.  For  specimens 
of  more  than  two  lengths 
two  bends  are  necessary.  They 
should  be  made  with  care  in 
two  respecta :  first,  to  see  that 
the  bends  are  tn  the  same 
plane — t.  e.,  that  they  be  eo 
made  that  all  three  of  the 
parts  cf  the  specimen  will  lie 
side  by  side  upon  a  level  sur- 
face; and,  secondly,to  see  that 
they  are  in  t^posite  directiontf 
zigzag,  or  like  the  letter  N  (see 
Fig.  S].  If  care  is  taken  in 
this  latter  particalar,  a  tbree- 
lengthed  specimen  may  be 
made  to  look  better  than  a 
two-lengthcd  one.  The  basal  and  upper  sections  will  be  upright  ou 
tbe  sheet  and  be  nicely  joined  by  the  middle  section,  forming  a  diag- 
onal between  them.  This  is  as  far  as  the  process  of  bending  need  be 
carried.  Plants  more  than  four  feet  high  are  generally  too  large  to  be 
collected  entire.  Bnt  sometimes  it  becomes  important  to  give  a  speci- 
men still  a  third  bend,  and  this  I  very  frequently  do  (see  Fig.  9).  The 
rule  of  making  each  angle  tbe  opposite  of  the  one  next  to  it  must,  how- 
ever, be  strictly  adhered  to  in  these  as  in  all  other  cases ;  otherwise 
parts  of  tbe  stem  will  cross  each  other  and  spoil  the  specimen.  Neither 
must  the  idea  be  entertained  that  this  is  a  matter  that  caa  be  attended 
to  aftervards;  it  must  be  correctly  done  iu  the  Setd,  and  mistakes  in 
measurements  of  lengths  or  in  direction  of  bending  can  never  be  prop- 
erly remedied  in  the  herbarium. 
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<^It  is  never  a  good  plan  to  pat  two  different  plants  between  the  same 
two  leaves  of  the  portfolio.    The  leaves  adhere  to  each  other,  and  be- 
come doubled,  wrinkled,  and 
matted  in  the  effort  to  separate 
them.    If  the  portfolio  has  not 
leaves  enough  to  hold  all  the 
collections  of  a  day,  this  of 
course  may  become  necessary. 
"  It  is  better  to  have  a  sys- 
tematic method  in  filling  the 
portfolio  daring  the  excursion. 
The  plants  should  be  placed 
next  to  one  another  between 
successive  leaves,  and  not  put 
in  at  random.    This,  besides 
giving  an  idea  of  the  capacity 
of  the  portfolio  at  any  time  and 
showing  how  much  has  been 
done,  is  a  great  help  in  finding 
unoccupied  space,  which,  when 
the  book  becomes  nearly  full, 
is  very  difficult  where  empty 
leaves  are  as  likely  to  occur  in 
one  part  as  another.^  (Ward.) 
The  question  of  labeling  the 
specimens  is  next  presented. 
If  the  day's  collection  is  only 
moderately  large  and  made  in 
a  locality  with  which  the  col- 
lector is  familiar,  it  is  not  nec- 
essary to  attempt  any  kind  of 
labeling  in  the  field,  as  a  glance  at  the  plants  as  they  are  being  put 
in  the  press  will  usually  immediately  call  up  numerous  instances  con- 
nected with  its  station   and  collection.    The  chronological  arrange- 
ment of  the  specimens  in  the  porttolio  as  recommended  above  will  also 
be  a  great  aid  in  this  labeling. 

If,  however,  the  collection  is  made  in  a  new  locality  it  is  always  best 
to  afiSx  some  sort  of  a  label  in  the  field,  and  it  is  always  best  to  decide 
beforehand  how  many  sets  of  specimens  are  to  be  made.  If  the  expe- 
dition is  a  purely  botan  cal  one  to  a  new  region,  it  may  be  desirable  to 
collect  as  many  as  25  or  50  specimens  of  each  species,  but  if  the  local- 
ity is  better  known  or  the  time  or  space  limited,  10  or  even  5  specimens 
of  each  species  may  be  selected  as  the  number.  Having  decided  upon 
the  number  the  collector  should  be  sure  to  collect  enough  material  to  make 
up  the  full  nuuber  of  sets.    It  is  also  a  good  plan  to  put  in  a  tew  extra 
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flowers  or  seed-pods  or  any  of  the  characteristic  parts  of  the  plants 
collected,  which  may  be  used  in  dissections  and  study  without  the  ne- 
cessity of  mutilating  the  specimens  which  are  to  be  made  up  into  the 
sets.  Each  species  should  be  given  a  number  in  the  field,  as  soon  as 
collected.  Opposite  this  number  in  the  note  book  should  be  recorded 
everything  of  interest  that  relates  to  the  plant ;  its  particular  habi- 
tat, relative  abundance,  size,  color  of  its  flowers,  altitude  at  which 
collected,  and  everything  in  fact  that  the  specimens  themselves  will 
not  clearly  show.  This  number,  which  may  be  conveniently  written  on 
small  pieces  of  paper  an  inch  or  two  square,  should  hereafter  always 
accompany  the  specimensj  for  upon  it  depend  all  the  data  relating  to 
them.  If,  when  the  plants  are  placed  in  the  press,  they  occupy  more 
than  a  single  sheet,  duplicates  of  this  number  must  accompany  them. 
Never  use  the  same  number  for  two  sets  of  specimens^  for,  even  if  they 
appear  similar,  they  will  be  collected  at  a  different  d^te  and  locality 
and  n^ever  use  the  same  numbers  twice  during  the  same  collecting  trip^  as 
it  will  almost  certainly  lead  to  confusion. 

^<  The  next  step  in  the  botanist's  work  is  to  preserve  the  specimens 
which  he  has  collected.  They  should  not  be  allowed  to  lie  in  the  port- 
folio over  night,  but  if  it  is  imi)osible  to  attend  to  them  all,  then  as 
many  should  be  pressed  as  possible,  beginning  with  those  first  collected 
(and  this  is  another  advantage  in  a  methodical  way  of  filling  the  port- 
folio). Those  last  collected  may  perhaps  lie  till  the  next  morning,  but 
if  of  a  tender  character  or  very  juicy,  it  is  best  to  slip  in  a  dry  paper 
on  both  sides  of  each  specimen."    (Ward.) 

If  it  has  been  decided  not  to  number  the  collection,  as  indicated 
above,  temporary  labels  must  now  be  written  for  each  species,  placed 
with  them  and  kept  with  them  throughout.  All  data  not  furnished  by 
the  specimens  themselves  must  be  placed  on  these  labels. 

Everything  is  now  ready  to  put  the  plants  in  the  press,  the  driers, 
thin  papers,  blank  labels,  or  papers  for  numbers  being  at  hand.  Two 
or  three  driers  are  placed  upon  the  one  of  the  press-boards  (cleat  side 
down)  and  upon  them  is  laid  a  sheet  of  thin  paper.  The  plant  is  now 
placed  on  this  thin  paper  with  its  leaves  and  flowers  spread  out,  and 
all  its  parts  placed  in  the  position  in  which  it  is  desirable  for  them  al- 
ways to  remain.  If  the  parts  that  have  previously  been  bent  are  re- 
fractory and  refuse  to  remain  in  the  positions  desired,  they  may  usually 
be  fixed  by  slipping  over  them  pieces  of  paper  in  which  slits  have  been 
cut  (see  Fig.  6).  Orasses  and  carices  often  require  treatment  of  this 
kind. 

Thick  rhizomas,  tubers,  or  other  thick  stems  must  also  be  prepared 
before  being  placed  in  the  press.  Tubers  had  beat  be  cut  in  half  and  a 
part  of  the  inside  removed.  The  cavity  may  be  filled  with  cotton  or 
they  may  be  simply  pressed  flat.  Rhizomas  should  have  a  slice  cut 
from  one  side  and  the  cavity  made  and  tilled  as  above  described,  or  it 
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-oay  be  pressed.  They  may  become  somewhat  distorted  by  this  proc- 
ess, bat  they  will  be  less  so  than  when  kept  entire,  and  the  time  re- 
<^aired  for  drying  them  will  be  mnch  less. 

Having  arranged  the  plant  or  as  many  plants  as  the  space  on  the 
5beet  will  economically  admit  of,  another  thin  sheet  is  placed  over  it 
and  one  or  two  driers  placed  on  top.  Upon  this  another  thin  paper  is 
spread,  the  plants  arranged  as  before  and  covered  with  a  thin  paper, 
and  so  on  nntil  the  portfolio  is  exhansted  or  the  pile  becomes  too  an- 
wieldy  for  convenient  management.  If  the  press  is  likely  to  become 
very  fall  it  is  a  good  plan  to  have  two  or  three  half-inch  pine  boards  of 
the  same  size  as  the  press  boards,  which  are  occasionally  inserted  and 
will  help  to  even  np  the  pile.  The  nnmber  of  driers  required  for  each 
plant  of  course  varies  with  the  natare  of  the  specimen.  If  it  is  large, 
thick-stemmed,  or  succulent,  as  many  as  four  or  five  driers  may  be  re- 
quired, but  if  a  small,  delicate  annual  one  drier  will  be  sufficient. 

The  press  being  full  or  the  number  to  be  pressed  having  all  been 
arranged,  the  upper  press-board  is  placed  on  the  top  of  pile  and  the 
pressure  applied  by  means  of  the  strap, 

*^  How  hard  to  press  plants  is  still  an  unsettled  question,  And  bota- 
nists differ  widely  upon  it.  My  own  experience  has  led  me  to  make  my 
first  pressure  quite  light.  The  easiest  way  to  strap  up  a  press  full  of 
plants  is  to  place  them  on  the  floor,  with  the  knee  upon  the  upper 
board,  draw  up  the  strap,  and  buckle  it.  The  buckle  should  be  made  to 
eome  on  the  side  from  you,  and  be  at  first  quite  low  down ;  as  it  is  drawn 
it  will  rise,  and  should  never  be  allowed  to  come  up  to  the  upper  press- 
%oard. 

*^  How  long  should  plants  remain  in  press  t  I^ever  over  24  hours  tor 
Che  first  time,  and  certain  plants  will  suffer  if  left  in  so  long.  Much, 
however,  depends  upon  the  pressure.  Those  who  press  their  plants 
hard  must  change  them  oftener.  If  the  above  suggestions  are  followed 
it  is  best  to  change  the  driers  at  the  end  of  12  hours.  The  second 
time  they  may,  in  most  cases,  be  allowed  to  remain  in  24  hours; 
after  this  they  should  be  changed  every  day  for  about  4  days.  The 
pressure  may  be  slightly  increased  after  each  change,  and  after  the 
fourth  day  it  is  usually  safe  and  advisable  to  leave  them  in  the  press  2 
days,  then  change  and  leave  in  2  days  more  under  hard  pressure,  after 
which  they  may  be  taken  out,  the  driers  renewed,  and  the  package  laid 
aside  for  a  week,  with  merely  a  board  or  a  book  upon  it."    (Ward.) 

The  process  of  changing  the  driers  is  even  more  simple  than  that  of 
preszsing.  The  press,  filled  with  the  plants  to  be  changed,  is  placed 
before  you,  on  a  table  if  possible,  or  on  the  ground,  and  the  upper  press- 
board  taken  off  and  placed  beside  it.  The  pile  of  fresh  driers  is  placed 
by  the  side  of  the  empty  press-board,  and  one  or  two  of  the  driers  laid 
upon  it.  The  wet  driers  above  the  first  thin  papers  are  taken  off  and 
the  thin  papers  containing  the  plants  are  carefally  removed  to  the  new 
pile.    Fresh  driers  are  placed  on  the  plants  and  another  plant  in  the 
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thin  papers  is  added,  and  this  process  is  continued  until  all  the  plants 
are  changed  from  wet  to  dry  papers. 

"No  amount  of  curiosity  should  tempt  you  to  remove  the  upper  white 
[thin]  paper  to  look  at  a  specimen.  After  a  plant  has  been  placed  be- 
tween thin  papers,  it  should  never  again  be  in  the  least  disturbed  until 
it  is  fully  dry.  The  access  of  the  air  and  the  separation  of  the  leaves 
and  flowers  from  the  intimate  contact  which  pressure  gives  them  with 
the  thin  sheets  deaden  the  lively  color  which  the  plants  otherwise  will 
preserve,  and  injure  the  specimens."    (Ward.) 

Sticky  plants  or  seeds  may  be  prevented  from  adhering  to  the  papers 
by  a  liberal  powdering  of  lycopodium  spores  or  soapstone  powder.  Small 
pieces  of  oiled  paper  placed  over  adhesive  fruits  may  often  be  practiced 
advantageously. 

OACTACE^  (CACTUSES.) 

"Living  cacti  bear  transportation  well  if  young  or  medinmsized 
specimens  are  selected.  The  entire  plant,  or,  if  large,  a  joint  or  cut- 
ting, is  thrown  in  the  shade  for  a  few  weeks  to  shrivel,  after  which  the 
specimens  are  wrapped  in  dry  hay  or  moss  and  loosely  packed  in  well- 
ventilated  boxes. 

"  Treated  in  this  way  they  preserve  their  vitality  for  from  6  to  16 
months.  Seedlings  are  easily  raised  from  seeds  thoroughly  drieii  and 
packed  in  situ.  If  the  fruit  is  large  and  pulpy  it  is  sliced  to  facilitate 
the  drying,  and  should  be  kept  from  moisture^  but  exposed  to  a  free 
circulation  of  air. 

"  Herbarium  specimens  are  best  made  by  removing  the  flowers  from 
the  plant  and  pressing  them  separately  in  the  ordinary  way,  after  first 
sectioning  some  ot  them. 

"  When  not  too  large  the  fruit  may  be  dried  in  the  same  way,  other- 
wise it  is  halved  and  excavated  before  being  put  in  press,  the  seed 
being  air  dried.  The  entire  stem  if  small,  or  characteristic  joints  if  it 
is  compound,  may  be  pressed  till  dry  after  allowing  it  to  shrivel,  or  if 
it  is  too  large  for  this,  a  piece  is  removed  showing  the  top,  the  insertion 
of  several  bunches  of  spines  and  of  the  flowers,  and  some  of  the  tuber- 
cles or  ribs.  Sometimes  it  is  necessary  to  split  and  excavate  these 
specimens,  and  cross-sections  dried  under  light  pressure  are  desirable. 
If  the  means  of  transportation  permit,  entire  plants  or  well-selected 
parts  are  rough-dried  without  pressure.  These  '  skeletons,'  preserved 
in  boxes  in  the  herbarium,  are  often  more  instructive  than  the  more 
ornamental  pressed  fragments.  When  possible,  it  is  also  desirable  to 
make  alcoholic  specimens  of  the  flower  and  fruit. 

"  Cacti  are  at  best  poorly  preserved  for  the  herbarium,  and  should 
always  be  accompanied  by  the  fullest  possible  notes  and  sketches  made 
on  the  spot  Aside  from  the  usual  notes  of  locality,  habitat,  date  of  dow- 
ering, and  period  of  fruit  ripening,  others  should  be  taken  upon  the  fol- 
lowing points:  In  the  trunk  note  habit,  presence  or  absence  of  aerial 
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roots,  form  and  direction  of  branches,  if  compound ;  shape,  form  of  artic 
latious,  if  jointed;  glabrous,  granular,  pubescent,  or  maramilated  sur- 
face; and  form  of  ribs  and  grooves  when  present,  both  in  section  and 
profile,  especially  near  the  apex  of  the  stem.  The  last  features  are  best 
shown  in  diagrams.  Leaves  are  present  in  few  groups,  but  when  they 
occur  their  duration,  size,  form,  and  direction  are  to  be  noted.  All  cacti 
produce  more  or  less  wooly  or  prickly  buds,  known  as  areolae,  on  which 
the  flowers  and  spines  are  inserted.  It  is  important  to  observe  whether 
they  are  immersed  or  prominent,  and  their  form  and  usual  distance 
apart.  Young  and  old  areolae  should  be  compared,  and  particular  atten- 
tion given  to  the  character  and  color  of  their  wooly  or  bristly  covering. 
The  very  characteristic  spines  occur  on  the  areolae,  and  differ  greatly 
in  number,  relative  location,  size,  form,  direction,  and  color,. all  of 
which  are  to  be  observed.  Diagrams  aid  in  showing  the  form  of  the 
areolae  and  the  location  and  section  of  the  spines.  An  important  char- 
acter is  the  stability  of  the  spines,  for  in  some  species  the  areolae  in- 
crease in  size,  and  the  spines  become  more  numerous  from  year  to  year, 
while  in  others  this  change  does  not  occur,  and  the  spines  may  fall  with 
age. 

"  Flowers  usually  come  from  areolae  on  the  sides  of  the  trunk  or  on 
undifferentiated  branches,  but  in  some  genera  {Melocaotus  f  Pilocerem. 
etc.)  the  sterile  and  flowering  parts  are  very  difi'erent.  The  origin  of 
the  flowers  (from  old,  1-year  old,  or  nascent  branches)  and  their  time  of 
expansion  (diurnal,  nocturnal, or  diurnal  persisting  through  the  night) 
should  be  observed,  together  with  size,  shape,  color,  and  fragrance.  The 
form  and  size  of  the  (inferior)  ovary  and  the  shape,  approximate  num- 
ber, and  character  of  the  reduced  sepals  that  often  cover  it,  with  the 
nature  of  the  wool,  hairs,  or  spines  in  their  axils,  are  all  important,  as 
are  the  shape,  size,  and  coating  of  the  tube  of  the  flower.  In  a  longi- 
tudinal section  it  is  to  be  observed  whether  the  lower  part  of  the  tube  is 
naked  or  nectariferous  within  or  not,  together  with  the  distance  from 
the  top  of  the  ovary  to  the  lowest  stamens,  the  presence  or  absence  of  a 
vaulted  arch  partly  closing  the  tube,  and  the  form  and  disposition  of 
the  stamens.  Any  color  peculiarities  of  these,  and  the  color,  form,  and 
relative  length  of  the  style,  and  especially  the  stigmas,  are  to  be  noted. 
The  shape,  color,  texture,  taste,  and  odor  of  the  fruit,  the  presence  of 
scales,  and  the  character  of  their  auxiliary  products  should  be  observed, 
as  also  whether  the  flower  is  withering  persistent  on  the  fruit  or  decid- 
uous, and  in  the  latter  ease  the  form  of  the  resulting  scar  (umbilicus). 
The  occurrence  of  few  or  many  seeds  is  also  important."  (George  En- 
^elmann  in  Botanical  Gazette^  xi,  pp.  135, 15G.) 


BULLETIN   39,  UNITED    STATES   NATIONAL   MUSEUM.         [20J 

Cbyptogamous  Plants. 

MOSSES  and' LIVERWORTS  (BRYOPHYTA). 

MOSSES.* 

To  collect  mosses  well  one  ought  to  have  first  made  a  study  of  their 
structure.  However,  an  intelligent  and  enthusiastic  collector  will  be 
able  to  distinguish  between  good  and  useless  material,  and  to  find  rare 
species,  even  without  such  previous  training. 

First,  then,  learn  to  look  for  mosses  in  fruit  Most  of  the  common 
species  have  the  small  capsules,  which  contain  the  spores,  raised  on 
slender  pedicels,  or  setas ;  other  species,  and  these  are  more  rare,  have 
the  capsules  ''  immersed,"  that  is  concealed  among  the  leaves.  And  it 
requires  a  more  experienced  eye  to  find  such  in  the  right  condition. 
Ripe  fruit  is  desired,  since  only  in  such  the  delicate  fringes  around  the 
mouth  of  the  capsule,  and  called  the  "  peristome,^  are  developed  enough 
for  study.  But  if  the  capsule  is  too  ripe  it  loses  its  "  lid  ^  and  "  calyp- 
tra,"  two  little  cap-like  bodies  fitting  into  each  other  and  covering  its 
upper  part  and  mouth.  Some  species  need  to  be  collected  at  two  dif- 
ferent periods  to  secure  all  these  parts.  Mosses  are  useless  for  study 
if  the  capsules  are  either  too  green  or  too  old  and  weather  beaten. 

Some  mosses  are  dioecious,  that  is,  the  two  sexes  grow  in  separate 
patches,  either  near  each  other  or  quite  apart.  And  since  it  is  not  pos- 
sible for  one  not  a  student  of  mosses  to  determine  whether  a  sterile  sod 
consists  really  of  male  plants  belonging  to  a  fruiting  species  near  by, 
it  may  be  best  that  everything  looking  like  a  moss  be  included  in  the 
collection.  However,  unless  there  is  plenty  ot  time,  the  collects r  will 
do  well  to  restrict  himself  to  mosses  with  well-matured  fruit. 

Second,  where  do  mosses  grow  t  At  first  the  collector  will  see  only 
the  larger  common  mosses.  But  gradaally  his  eye  becomes  trained  to 
see  the  smaller  plants,  and  to  discern  those  with  immersed  capsules. 
Every  green  patch  is  subjected  to  scratiny.  Mosses  will  be  found  to 
grow  where  none  had  been  suspected :  on  a  shady  wall,  moist  precipice, 
a  weathered  bowlder,  an  old  stump  or  fallen  log,  the  trunk  of  a  tree,  a 
clay  bank — even  on  the  driest  sandy  prairie  these  little  plants  are  found 

Third,  hotc  shall  the  mosses  when  found  be  collected  and  cared  fort 
Some  species  grow  in  dense  cushions.  These  it  is  best  to  separate  from 
the  soil  and  then  cut  into  perpendicular  slices  in  the  direction  of  the  up 
right  stems.  Or,  after  removing  the  soil  and  rubbish,  the  sod  may  be 
separated  into  slices  with  the  fingers.  The  plants  thus  prepared  are 
put  away  into  paper  pockets,  which  are  conveniently  folded  before 
starting  on  the  trip. 

Other  mosses  grow  in  dense  tangled  mats.  If  time  permits,  these 
should  be  taken  up,  the  fruit-bearing  plants  picked  out  and  put  away 
in  pockets.    So  should  all  small  mosses  from  clay  banks,  bowlders,  or 

*  By  John  M.  Holzinger,  assistant  botanist,  U.  S.  Department  of  Agricaltnre. 
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trees  be  put  in  pockets.  The  object  in  thas  disposing  of  the  material  is 
to  prevent  the  mixing  of  the  species  and  the  loss  of  the  smaller  parts 
Always  write  the  date  and  place  of  collection  on  the  pocket.  These 
can  then  be  tied  into  bundles  often  each.  Pressure  greater  than  this  is 
not  necessary,  and  frequently  harmful.  The  bunches  are  laid  in  the 
sun  or  near  a  warm  stove  to  dry.  The  only  care  needed  is  to  turn 
them  over  frequently  the  first  few  days,  and  change  the  inside  pockets 
to  the  outside. 

In  case  there  is  neither  time  nor  facilities  for  disposing  of  the  mosses 
as  directed  above,  it  is  sufficient  to  take  common  newspaper  and  care- 
fully wrap  up  the  separate  cushions  or  sods.  On  long  trips  extending 
over  weeks  it  may  be  found  necessary  to  let  material  dry,  bunched  in 
this  way.  This  answers  fairly  well  if  the  bunches  are  dried  promptly 
and  are  then  protected  against  crushing.  Whenever  convenient  they 
may  be  remoistened  and  separated  and  cared  for  properly. 

Lastly,  a  word  on  how  mtich  to  collect  of  each  species.  When  a  moss 
is  found  in  good  fruit,  always  collect  abundantly.  There  are  several 
reasons  for  this  precaution.  First,  a  sample  of  a  moss  should  not  be 
understood  to  mean  a  few  plants  with  fruits,  but  of  a  pocket  comforta- 
bly full  of  plants.  And  a  number  of  such  samples  ought  to  be  secured 
for  each  species  if  possible.  Secondly,  a  new  species  may  be  discovered. 
In  such  a  case  to  have  gathered  only  a  small  amount  would  always  b<? 
a  source  of  regret.  Still  another  reason  is  the  fact  that  some  species 
are  found  to  be  common  in  a  locality  one  year,  and  then  to  disappear 
from  it  for  a  long  period  or  entirely. 

With  these  suggestions  it  is  hoped  that  new  collectors  will  be  able 
to  secure  useful  and  valuable  material. 

LIVERWORTS  (HEPATIC A). 

"  Hepaticae  in  general  are  best  collected  late  in  the  fall,  during  the 
winter  or  early  spring,  the  JungermauniaceaB  about  the  time  or  a  little 
before  they  send  up  their  fruit  stalk.  All  are  best  collected  before  they 
shed  their  spores.^    (E.  A.  Ran  in  Botanical  Oaaette^  xi,  p.  141.) 

Much  of  what  has  been  said  in  regard  to  searching  for  and  preparing 
mosses  will  apply  to  the  liverworts.  They  grow  on  old  logs  and  stumps, 
trunks  of  trees,  stones,  and  on  damp  ground.  They  may  be  removed 
entire  from  the  matrix  or  may  be  taken  with  a  thin  shaving  of  the  log, 
tree  or  soil,  upon  which  they  grow.  They  should  be  dried  under  very 
moderate  pressure,  and  may  be  kept  in  envelopes  or  pockets. 

LIGHRNS. 

Lichens  are  to  be  found  in  a  great  variety  of  places,  but  principally 
on  rocks,  trunks  of  trees,  stumps  and  decaying  logs,  and  on  the  ground. 
When  they  are  found  growing  on  a  soft  matrix,  such  as  soil,  logs,  or 
trunks  of  trees,  they  can  usually  be  removed  with  a  strong  sharp  knife 
by  cutting  just  under  them  and  removing  a  thin  layer  of  the  matrix; 
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but  when  they  are  attached  to  rocks  it  will  be  found  next  to  impossible 
to  remove  them,  and  as  thin  a  stratum  of  the  rock  as  can  be  obtained 
without  injury  to  the  plants  must  be  taken  with  them.  These  rock- 
growing  lichens  are  generally  very  brittle,  and  care  must  be  taken  not 
to  crush  them.  On  this  account  lichens  can  best  be  collected  during  or 
just  after  a  rain  storm,  as  they  are  then  less  liable  to  injury,  being  freely 
hygroscopic. 

*'  In  collecting  lichens  I  find  it  a  great  convenience  to  have  along  with 
me  some  small  paper  bags,  such  as  grocers  use.  They  take  up  veiy 
little  room  until  wanted*  and  lichens  put  into  them  may  be  pre- 
vented from  rattling  around  and  breaking  to  pieces,  as  many  of  them 
will  do  if  thrown  into  a  box."  (F.  Lo  Koy  Sargent  in  Botanical  Qazette^ 
XI,  p.  142.) 

The  crustaceous  forms  will  require  no  care  in  drying,  but  the  larger 
foliaceous  ones  may  be  dried  under  a  very  light  pre^Bure.  All  should 
be  collected,  as  near  as  can  be  determined,  in  fruit 

« 
FRBSH-WATBR  ALOJS. 

Fresh  water  algae  occur  in  a  great  variety  of  situations,  such  as 
ponds,  quiet  or  sluggish  waters,  cascades,  ravines,  shaded  and  dripping 
rocks,  shallow,  quiet  angles  of  lakes,  and  even  rapid  running  brooks 
or  rivers.  The  implements  required  for  collecting  them  are  simply 
some  appliance  for  securing  them  from  the  water,  such  as  a  dredge  or 
dip-net,  and  a  number  of  wide-mouthed  vials.  The  larger  filamentous 
forms  may  be  well  preserved  in  pieces  of  brown  paper  a  few  inches 
square.  The  bottled  material  may  be  preserved  in  good  condition  for 
many  months  by  the  addition  of  a  few  drops  of  carbolic  acid. 

"  It  may  be  well  to  bear  in  mind  that  the  freshest  and  brightest  green 
forms  are  not  usually  the  most  desirable.  Among  the  older  and  more 
unsightly  material  more  mature  and  fruiting  specimens  may  be  found." — 
(Francis  Wolle  in  Botanical  Qazette^  xi,  p.  148.) 

Desmids  are  most  frequently  found  in  abundance  in  clear,  pure 
water,  as  pools  fed  by  springs,  ponds  of  clear  water,  etc.  They  are 
found  attached  to  the  stems  of  aquatic  plants  and  other  submerged 
objects.  They  may  be  obtained  by  dipping  or  by  stripping  the  stems 
and  leaves  of  water  plants.  Sphagnum  moss  which  is  growing  under 
water  is  a  very  fruitful  source  for  them.  They  may  be  preserved  in 
vials  or  mounted  as  microscopic  slides  in  cells  of  glycerine,  water  with 
a  small  amount  of  preservative  fluid,  or  in  the  especially  prepared 
mounting  media. 

Nostocs  may  be  preserved  between  sheets  of  glass  or  puti^n  pieces 
of  mica  and  dried  in  the  air. 

Marine  ALGiE.* 
Marine  algae  may  be  collected  (1)  by  hand,  as  from  nncovered  rocks 


•  V 
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aud  stooes  and  tidepools,  and  from  heaps  of  retase,  especially  tangled 
masses  of  eelgrass  (Zostera),  after  storms.  (2)  By  net  (a  shallow  net  oi 
fine  mesh  on  a  stout  rod ;  net  not  over  six  or  eight  inches  in  diameter) 
from  the  margin,  especially  of  the  incoming  tide.  (3)  By  a  scraping- 
net,  from  piles  at  the  sides  of  wharves;  scraping-net  like  the  preceding 
net,  but  the  net  deeper  and  attached  to  an  iron  rim  shaped  like  Q 
the  straight  side  to  be  used  as  a  scraper.  (4)  By  dredge  or  grappling- 
hook  from  the  bottom  in  deeper  water. 

Succulent  or  slimy  algae  must  be  exposed  to  the  air  or  soaked  in  fresh 
water  before  mounting.  Coarse  or  wiry  or  cartilaginous  er  firm  species, 
especially  if  composed  of  many  fine  branches,  may  be  preserved  tempo- 
rarily by  rolling  them  up  dry  in  a  little  sand  in  newspaper  or  other 
packages. 

Card  mounts. — To  mount  seaweeds  at  the  shore :  Having  brought  in 
your  specimens  in  a  pail  of  sea  water,  or,  if  delicate  or  particularly 
choice,  each  separate  in  a  wide-mouthed  bottle  of  sea  water. 

(1)  Wash  the  plant  in  sea  water;  few  species  will  bear  fresh  water. 

(2)  Float  the  plant  in  a  basin  of  sea  water  (as  a  washbowl),  or  fresh 
water  if  it  will  bear  it  without  change  of  color  or  substance. 

(3)  Place  under  the  floating  plant  a  card  of  requisite  size,  or  sheet  of 
thick  unsized  firm  paper,  on  which  the  plant  is  to  be  mounted.  See 
that  the  paper  or  card  is  uniformly  wet  and  as  clean  as  practicable. 

(4)  Raise  up  the  card  with  plant  on  it;  let  the  center  of  each  coin- 
cide; distribute  and  arrange  the  branches  in  as  natural  and  separate  a 
manner  as  may  be;  this  is  best  done  by  the  action  of  the  sea  water 
itself,  as  it  flows  off  from  the  card  in  raising  it  out  of  the  water. 

(5)  Let  the  specimen  drip  a  moment,  then  press  under  light  weight 
between  driers  or  between  newspapers  under  a  board. 

In  pressing,  specimens  may  be  treated  much  as  flowering  plants,  with 
these  differences: 

(1)  Put  a  piece  of  cotton  cloth  over  each  specimen  to  prevent  its 
adhering  to  the  paper  over  it. 

(2)  Use  little  weight;  much  weight  will  leave  the  print  of  the  cloth 
in  the  specimen. 

(3)  It  is  well  to  note  on  the  paper  before  immersing  into  water  date, 
pla^y  and  habitat 

To  mount  microscopic  slides  of  marine  algaa: 

(1)  Do  it  at  once  from  sea  water  or  later  from  specimens  preserved  in 
alcohoL 

(2)  Firm  specimens  may  be  mounted  in  cells  in  glycerine  jelly  (a  few 
will  bear  Canada  balsam). 

(3)  Delicate  specimens  may  be  mounted  in  cells  in  King's  marine  algse 
mounting-fluid  (obtained  from  Queen's,  Philadelphia,  912  Chestnut 
street;  Educational  Supply  Company,  Hamilton  Place,  Boston^  or  from 
Rev.  J.  D.  King,  Edgartowu,  Massachusetts). 
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(4)  Dried  specimens  shoald  be  soaked  first  in  the  fluid  or  in  brine;  a 
few  will  bear  glycerine. 

(5)  Slides  of  some  service  for  microscopic  use  may  be  quickly  pre- 
pared at  the  shore  by  drying  small  specimens  or  fragments  on  thin 
pieces  of  mica  (1  by  3  inches  or  less),  moistened  by  water  when  studied. 

PUNOI.* 

eAPBOPHYTIC  FUNGI. 

The  woody  fungi  found  growing  like  shelves  from  the  dides  of  old  logs, 
stumps,  and  trees  should  not  be  avoided  by  the  collector  since  they  are 
the  easiest  of  all  specimens  to  collect.  Many  of  the  thin  small  speci- 
mens of  this  sort  found  on  dead  sticks  may  be  put  in  press  along  with 
other  plants  and  tied  up  in  the  same  packages.  All  the  larger  and 
thicker  forms  may  be  simply  wrapped  in  paper  with  their  labels  tied  or 
pinned  on  them  and  packed  away  in  boxes. 

With  the  moister  and  more  fleshy  fungi  the  difficulties  of  preserva- 
tion are  very  great,  so  much  so  that  with  most  of  the  fungi  known 
popularly  as  mushrooms  and  toadstools  it  is  simply  impossible  to  make 
satisfactory  herbarium  specimens.  Some  of  the  species  are  gelatinous. 
Others  break  down  into  a  jelly  a  few  hours  after  maturity.  With  all 
these  extremely  fleshy  species  the  only  way  to  preserve  their  form  and 
color  is  to  make  colored  sketches  soon  after  collection.  These  with  the 
spores  saved  on  paper  will  help  make  up  the  deficiencies  of  the  speci- 
men. The  spores  are  saved  by  cutting  off  the  c»>p  from  its  stalk  and 
laying  it  on  a  sheet  of  white  paper  with  the  gills  down.  In  a  few  hours 
the  paper  will  be  found  covered  with  the  spores.  If  the  gills  are  light- 
colored  black  paper  may  be  used,  as  ligh^colored  spores  will  be  more 
readily  seen  on  it.  The  best  way  to  preserve  the  specimens  themselves 
is  to  dry  them  out  in  the  sun  or  with  artificial  heat  properly  regulated. 
Under  this  treatment  the  more  leathery  ones  will  retain  their  form  and 
color  fairly  well,  but  the  putrescible  species  will  not  amount  to  much. 
After  the  specimens  are  thoroughly  dry  they  may  be  exposed  to  damp 
air  either  in  a  box  or  out  of  doors  in  the  evening,  and  while  so  softened 
put  under  pressure  for  a  day  or  so.  Do  not  sprinkle  water  on  the  spec- 
imens. The  object  is  simply  to  dampen  them  enough  to  take  away  their 
brittleness.  It  is  not  necessary  to  press  these  dried  specimens.  They 
may  be  simply  wrapped  in  paper  and  packed  into  boxes* 

PARASITIC  FUNQI. 

The  various  kinds  of  parasitic  fungi  known  commonly  under  the 
names  of  rusts,  smuts,  mildews,  blights,  etc.,  are  important  objects  for 
I  he  collector.  While  many  thousands  of  species  have  been  described 
from  various  parts  of  the  globe  new  ones  are  continually  being  found 
even  in  the  best  studied  regions.    Extensive  collections  in  almost  any 


*  By  M.  B.  Waite,  assistant  n^ycologist  U.  S.  Department  of  Agriculture. 
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Hectiou  are  seen  to  yield  returns  in  new  species  and  new  forms.  The 
namber  of  species  of  these  tiny  plants,  spoken  of  under  the  various 
names  of  parasitic  fungi,  microscopic  fungi,  and  leaf  fungi,  often  nearly 
equals  thai;  of  the  flowering  plants  in  the  same  area.  The  great  bulk 
of  the  species  are  found  on  flowering  plants,  but  a  few  occur  on  ferns 
and  mosses  and  some  are  found  parasitic  on  oth(*r  parasitic  fungi* 
Some  of  the  species  on  account  of  their  unusual  size  and  abundance  on 
their  host  plant  or  their  unusual  destructivness  are  sufficiently  obtru- 
sive to  be  seen  by  everybody.  Such  are  the  orange  rust  of  blackberries 
and  raspberries,  the  so-called  cedar-apples  and  their  alternating  forms, 
the  rusts  on  thorn-apples  and  crab  apples,  the  smut  on  Indaiu  com  and 
many  others.  Other  species  are  easy  enough  to  And  as  soon  as  they 
are  looked  for,  but  might  readily  pass  unobserved.  Such  are  most  of 
the  rusts  and  mildews  and  many  of  the  spot  diseases.  Again  others 
are  so  inconspicuous  as  to  be  seen  only  by  the  experienced  mycologist. 
To  excel  in  collecting  these  plants  it  is  necessary  to  know  something  of 
the  science  of  mycology,  and  like  most  any  other  department  of  natu- 
ral history  it  is  of  great  aid  in  collecting  to  know  at  least  a  little  about 
the  botany  of  the  group  in  order  to  know  what  to  look  for. 

In  general  one  looks  for  discolorations  of  the  host  plant,  for  spots  on 
leaves  and  stems,  and  for  languishing  or  diseased  portions  of  the  plants; 
for,  looked  at  from  the  standpoint  of  the  host  plant,  these  minute  fungi 
and  their  injuries  on  their  hosts  are  called  plant  diseases.  Close  exam- 
ination of  the  diseased  spot,  with  perhaps  the  aid  of  a  lens,  will  reveal 
the  delicate  dustlike  spores  or  minute  tufts  of  the  parasites  themselves. 

In  starting  out  on  a  collecting  trip  one  should  provide  himself  with  a 
good  hand  lens  of  rather  high  power  (a  ^-inch  Coddington  or  Triplett 
answers  very  well),  a  good  pocket  knife,  some  wrapping  paper  and 
string,  and  either  a  portfolio  or  a  tin  collecting  box,  according  to  whether 
it  is  desired  to  press  the  plants  in  the  fleld  or  after  return  to  quarters. 
One  should  also  carry  some  envelopes  and  a  few  pill  boxes.  Where 
large  quantities  of  material  are  to  bo  collected  and  when  time  in  the 
fleld  is  more  valuable  than  time  at  home  the  box  will  be  found  prefer- 
able, for  the  specimens  can  be  hastily  gathered  into  it  in  the  field  and 
then  put  in  press  at  leisure  at  home.  On  the  other  hand,  when  it  is 
desired  to  do  most  of  the  work  in  the  open  air  some  form  of  portfolio 
or  hand  press  may  be  carried. 

First  the  procedure  with  the  box  will  be  given.  Most  of  the  fungi  will 
be  found  on  the  leaves.  These  the  collector  picks  oft*  the  plant  and  ties 
up  in  a  bunch  with  a  bit  of  string  or  rubber  band.  Unless  the  leaves  are 
particularly  characteristic  of  the  host  plant  the  collector  should  secure 
the  flowers,  fruit,  or  other  parts  of  the  plant  which  will  aid  in  its  identi- 
flcation  or  which  will  be  a  guaranty  for  this  identification.  A  small 
branch  with  the  leaves  attached  is  a  good  deal  better  than  the  mere 
leaves.  With  grasses  always  secure  the  panicles.  Wrap  the  flowers, 
panicles,  etc.,  with  the  bunch  of  leaves,  and  if  you  wish  to  write  the 
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label  in  the  field  insert  it  also.  With  grasses  and  all  narrow-leaved 
plants  it  is  best  to  gather  them  into  a  straight  wisp  and  oat  them  with 
a  knife  into  sections  aboat  6  inches  long.  These  will  make  herbarium 
specimens  of  convenient  8ize  and  are  easy  to  tie  op  and  pack  awa* 
tightly  in  the  box.  In  case  of  plants  with  small  leaves,  sprays  oi 
saitable  size  (4  to  6  inches  long)  may  be  cat  with  the  knife  and  tied  up 
in  a  bauch.  Large  leaves  may  be  cut  into  smaller  sizes.  A  leaf  over  6 
inches  square  is  usually  best  cut  up.  In  case  of  small  specimens,  which 
may  be  lost  or  scattered,  they  should  be  wrapped  up  in  paper  or  in  a 
large  leaf  or  else  put  into  envelopes.  Small  fragile  things,  sucn  as 
slime-molds  (Myxomycetes),  may  be  put  into  pill  boxes. 

In  regard  to  the  quantity  of  duplicates  of  each  number,  the  collector 
must  of  course  depend  largely  upon  his  judgment.  Botanists  usually 
secure  greater  quantities  of  a  rare  fungus  or  one  in  unusually  fine  con- 
dition than  of  the  common  things.  Where  it  is  the  object  to  secure  a 
certain  number  of  sets,  it  is  of  course  desirable  to  collect  suffici^t  of 
each  for  that  i)arpose.  In  case  of  fungi,  a  single  infected  leaf  may  be 
made  to  constitute  a  specimen,  but  it  is  better  to  count  about  three  or 
four  average  sized  leaves  as  a  specimen,  and  if  sparsely  affected,  more, 
and  one  or  two  of  the  sprays  of  small  leaves. 

In  collecting  fungi  try  to  get  the  parasite  on  as  many  different  parts 
of  the  host  as  it  can  be  found.  Do  not  be  satisfied  at  finding  it  on  the 
leaves  alone,  but  get  it  on  the  stems,  flowers,  and  fruits  if  it  occurs 
there.  Some  fungi  produce  their  different  lorms  on  different  parts  of 
their  host.  Others  again  produce  these  different  forms  on  different 
hosts,  and  the  skilled  mycologist  will  keep  an  eye  out  for  the  associ- 
ated host  plants  and  their  fungi. 

Upon  your  return  home  the  specimens  are  to  be  put  into  press.  Most 
leaf  fungi  will  keep  in  the  tin  box  for  a  day  or  two  in  a  cool  place  without 
injury,  but  since  others  will  scarcely  keep  overnight,  it  is  best  to  put 
them  in  press  as  soon  as  possible.  For  this  purpose  a  supply  of  driers 
and  thin  paper  are  needed  of  the  same  quality  and  size  as  that  used  in 
pressing  flowering  plants.  The  folded  sheets  of  thin  paper  will  be  found 
better  for  fungi  than  the  single  sheets,  because  it  is  easier  with  them 
to  keep  the  leaves  from  falling  out  of  the  packages.  The  packages  of 
fangi  are  taken  from  the  box  and,  if  not  labeled  before,  are  labeled. 
The  leaves  are  spread  out  over  the  sheet  of  pressing  paper  until  it  ih 
completely  covered.  If  there  are  still  more  of  the  same  number,  an- 
other sheet  is  taken  until  all  are  in  the  papers.  These  extra  sheets 
should  receive  the  same  namber  as  the  first,  and  should  always  be  kept 
next  to  it  in  all  the  subsequent  changes  of  driers.  Another  number  is 
then  taken  out  and  treated  in  the  same  way.  Never  put  specimens  of 
two  different  numbers  in  the  same  sheet.  The  pile  is  pressed  and  dried 
precisely  the  same  as  in  flowering  plants.  In  case  of  some  of  larger 
and  more  delicate  forms,  like  JSddia  (cluster  cups)  and  Roestilicw^  it  will 
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be  wise  to  take  them  out  of  the  general  pile  and  pat  them  ander  very 
slight  pressure  to  avoid  crashing  the  cups. 

If  the  portfolio  or  hand  press  is  chosen,  the  operations  are  about  the 
.^me,  only  that  the  folded  sheets  of  pressing  paper  and  a  few  driers 
^e  can'ied  into  the  field.  The  specimens  are  labeled  and  placed  be- 
tween the  papers  just  as  described  above  as  soon  as  gathered.  Upon 
returning  home  the  sheets  of  spcimeos  are  placed  between  fresh  driers 
and  put  under  pressure. 

A  very  light,  strong,  and  serviceable  portable  press  may  be  made 
wiib  some  thin  slats  of  tough  wood  and  a  rather  large  shawl  strap. 
The  slats  are  made  into  two  lattice-work  frames,  which  enclose  the 
papers,  the  shawl  strap  going  around  the  whole. 

When  the  sheets  of  specimens  are  dry  they  are  taken  out  of  press 
and  usually  the  contents  of  two  or  three  sheets  combined  into  one,  pro- 
vided they  all  have  the  same  number.  If  there  are  still  two  or  more 
sheets  of  the  same  number,  they  should  be  placed  together  in  a  folded 
sheet,  so  that  in  the  pile  of  finished  specimens  each  folded  sheet  rep- 
resents one  number.  These  are  then  tied  up  into  packages  about  three 
inches  in  thickness,  and  if  desired  a  tag  may  be  pasted  upon  one  cor- 
ner, which  will  hang  down  over  the  end,  so  that  the  package  can  be 
identified  from  the  outside.  If  the  package  is  to  stand  shipment,  it 
should  be  inclosed  in  rather  tough  wrapping  paper  and  a  cardboard  or 
a  drier  placed  on  each  side  and  firmly  tied  up  with  stout  twine.  Such 
a  package  of  plants  will  be  found  elastic  and  durable,  and  will  stand 
any  reasonable  amount  of  rough  handling  without  injury. 

PRESERVATION  OF  PLANTS  IN  ALCOHOL.* 

COPPER  TANK. 

For  the  satisfactory  preservation  of  alcoholic  specimens  of  pld>njbs 
the  following  articles  will  be  found  useful  and  economical :  Four  one  gal- 
lon copper  tanks,  each  to  contain  three  fourths  of  a  gallon  of  75  per 
cent  alcohol.  The  four  tanks  should  tit  tightly  into  a  strong  wooden 
box  so  that  they  will  stand  with  the  covers  up,  and  the  box  should  be 
furnished  with  strong  hinges  and  lock. 

TEST-TUBES. 

The  common  chemical  test  tubes  are  satisfactory.  They  should  be  five 
inches  long  and  be  provided  with  cork  stoppers.  The  number  to  be 
taken  will  of  course  depend  upon  the  extent  of  the  expedition.  A 
small  label  of  strong  white  paper  should  be  tied  by  a  strong  string  to 
each  test  tube.  The  tubes  should  be  kept  in  some  kind  of  a  box,  so 
arranged  as  to  have  them  packed  in  closely,  and  should,  like  tbeothei 
l>ox,  have  a  strong  lock. 

*  By  Theodore  Holm,  Assistant  in  Botany,  U.  S.  National  Museum. 
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LABELS. 

The  labels  may  be  made  of  stroag  white  paper  cat  into  pieces  one  by 
two  inches  and  each  provided  with  a  strong  string.  These  are  to  be 
used  for  the  larger  specimens  that  are  put  into  the  tanks. 

DIRECTIONS  FOR  COLLECTINQ. 

The  collector  should  then,  besides  preparing  specimens  of  plants  for 
the  herbarium,  also  preserve  some  of  the  material  in  alcohol.  Many 
larger  flowers,  fruits,  rootstocks,  and  roots  are  so  fleshy,  that  their 
preservation  by  drying  does  not  give  very  satisfactory  results.  These 
should  therefore  be  preserved  in  alcohol — the  larger  specimens  in  the 
copper  tanks,  the  smaller  in  the  test  tubes;  and  the  collector  must 
needs  show  great  care  in  the  preservation  of  the  larger  flowers,  for  in- 
stance, in  not  putting  these  in  the  same  tank  with  fruits,  rootstocks, 
etc.  It  is  a  good  plan  to  wrap  up  the  large  flowers  loosely  in  a  piece 
of  paper  or  a  leaf  before  putting  them  in  the  tank. 

As  to  the  labeling  of  the  specimens,  it  is  to  be  recommended  that 
the  collector  keep  a  diary  and  write  up  very  carefully  the  character 
of  each  locality  from  which  specimens  have  been  collected.  It  would 
be  easiest  for  the  collector  to  give  each  species  a  number,  written  on 
the  label,  and  which  should  refer  to  the  same  number  in  his  notebook. 
He  could  then,  as  prescribed  above,  make  several  notes  in  the  diary, 
without  needing  to  copy  them  on  the  labels  attached  to  the  specimens. 
It  will  always  be  a  great  help  to  the  botanist  who  shall  later  identify 
the  collection  if  the  accompanying  notebook  contains  as  much  informa- 
tion  as  possible.  The  collector  should  therefore  never  forget  to  indicate 
the  station,  for  instance :  Pond,  swamp,  shaded  wood,  sunny  hillsides, 
etc.,  besides  a  few  remarks  upon  the  plant,  as,  for  instance,  a  tree, 
vine,  herb,  etc.,  and  the  color  of  the  flowers  and  fruits,  if  observed  ripe. 
The  diary  should  then  contain  notes,  as  for  instance : 

(1)  "Fruit  of  a  tall,  woody,  climber;  very  fleshy,  deep  red.  Flowers 
and  leaves  dried  as  number  54." 

(2)  "  Flower  of  aquatic,  floating  plant,  light  blue.  Leaf  dried  as  No. 
73.    Lake  near  X,  State  Y  j  depth  nearly  2  fathoms." 

(3)  "  Root^tock  of  herb,  whitish,  bitter  taste.  Leaves  and  flowers 
dried  as  number  90.    Dry  plains  near  X,  State  Y." 

In  regard  to  the  material,  which  it  would  be  advisable  to  preserve  in 
this  manner,  the  following  list  might  be  quite  sufficient  to  give  the  col- 
lector a  general  idea  about  it : 

FLOWERS. 

Large  and  rather  succulent  flowers,  like  those,  as  for  instance,  of  or- 
chids, pond  lilies,  etc.,  are  to  be  carefully  wrapped  as  prescribed  above, 
labeled,  and  put  into  one  of  the  tanks. 

Very  small  flowers,  with  minute  details,  should  be  preserved  in  test 
tubes,  and  never  more  than  one  species  in  each  tube.    These  do  not 
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ueed  to  be  wrapped  up.  It  would  be  the  best  to  take  the  whole  inflor- 
escence, or  at  least  a  part  of  it,  if  too  large,  instead  of  removing  the 
flowers. 

FRUITS. 

Of  large  fleshy  frnits,  as,  for  instance,  berries  and  drnpes,  at  least  one 
should  be  preserved  of  each  species.  Each  should  be  carefully  labeled 
and  put  into  the  tanks,  and  it  will  not  hurt  them  to  be  mixed  in  the 
same  tank  with  the  several  others  if  they  are  securely  labeled. 

A  few  drupes  or  berries  of  smaller  species  may  be  preserved  in  test- 
tubes. 

ROOTSTOCK8. 

Succulent,  thick  rootstocks,  as,  for  instance,  tubers,  bulbs,  etc.,  should 
be  preserved  in  tanks  or  test  tubes,  according  to  their  size.  The  collector 
must  dig  the  plants  up  very  carefully,  and  always  dry  a  few  specimens 
entire,  while  he,  concerning  the  rootstocks  for  the  preservation  in  alco- 
hol, can  cut  off  the  stem  above  ground  with  the  flowers  and  leaves  if 
the  specimen  is  too  large;  if  not,  one  specimen  might  be  preserved  en- 
tire in  alcohol. 

ROOTS. 

If  the  collector  should  meet  with  plants  of  which  the  roots  seem  to 
show  peculiarities  in  regard  to  their  size  or  shape,  a  few  of  such  should 
be  pi  eserved  in  alcohol. 

AQUATIC  PLANTS. 

Branches  with  flowers,  fruits,  leaves,  and  a  few  roots  of  floating  or 
submersed  plants,  should  be  preserved  in  this  manner,  besides  those  to 
be  dried  for  the  herbarium.  The  collector  must  always,  when  collect- 
-  ing  aquatic  plants,  pay  attention  to  the  green  water- mosses  (Algce),  of 
which  some  specimens  should  be  preserved  in  the  tanks ;  they  should 
then  be  wrapped  up  in  paper,  tied  closely  together,  and  labeled. 

FUNGI. 

All  soft  and  fleshly  specimens  of  mushrooms  can  merely  be  preserved 
in  alcohol.  Larger  specimens  can  easily  be  divided  into  smaller  pieces, 
but  the  section  must  be  made  in  such  a  manner  that  the  shape  of  the 
fungus  will  be  recognized ;  the  sections  must  therefore  always  be  made 
vertically  through  the  middle  of  the  mushroom. 

It  is,  however,  to  be  remarked  that  the  collector  must  always  take 
into  consideration  the  consistence  of  the  plants  or  parts  of  these  before 
he  decides  to  preserve  them  in  alcohol.  He  must  never  put  larger 
fruits  in  the  tanks  if  he  is  not  certain  that  they  can  not  just  as  well  be 

f  dried,  and  in  regard  to  the  smaller  flowers,  only  the  more  delicate  forms, 
as  small  orchids,  etc.,  should  be  preserved  in  the  test  tubes.  The  min- 
ute flowers  of  rushes,  grasses,  sedges,  an<l  other  dry  flowers  will  usually 

,  be  able  to  keep  their  shape  as  dried  for  the  herbarium. 
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COLLECTION  OF  8ERD8. 

Tbere  is  a  general  lack  of  seeds  in  collections,  since  little  or  no  atten- 
tion has  been  paid  to  this  important  branch  of  botany.  The  collector 
should  look  carefally  for  the  seeds  of  plant's,  and  shonld  secure  a  good 
quantity  of  as  many  s|>ecies  as  possible.  They  may  merely  be  wrapped 
in  paper,  kept  dry,  and  marked  with  the  same  number  that  has  been 
given  the  other  parts  of  the  species  collected  for  the  herbarium.  The 
collector  should  also  dry  with  the  herbarium  spexsimeus  some  of  the 
smaller  succulent  fruits,  besides  those  prescribed  above,  as  well  as  pre- 
serve a  few  in  alcohol. 

III. — Pbepabing  Plants  fob  the  Herbarium. 

OABE  OF  THE  DBIED  PLANTS,  POISONING,  ETO. 

After  the  plants  have  been  collected  and  thoroughly  dried,  there  still 
remains  a  cousiderablie  amount  of  work  ontside  of  their  scientific  iden- 
tification that  must  be  done  to  them  before  they  can  be  finally  incor- 
porated in  the  herbarium. 

After  the  plants  have  lain  a  week  without  pressure  and  become  thor- 
oughly dry,  they  may  be  taken  out  of  the  drier  s  and  thin  papers  and 
placed  in  the  herbarium.  They  are  usually  first  transferred  to  rou{;h 
paper  of  some  kind,  either  double,  and  placed  between  the  folds,  or,  as 
I  prefer,  single,  and  simply  laid  on  with  their  labels.  System  is  useful 
in  all  things,  and  many  valuable  specimens  will  be  saved  by  observing 
certain  rules  even  in  such  simple  matters  as  this.  The  ])apers  upon 
which  the  specimens  are  placed  should  be  ample,  say  18  by  12,  or  at 
least  17  by  11  inches,  and  should  be  of  uniform  size.  Many  such  pa- 
pers will  be  in  constant  use  in  the  herbarium,  and  a  reserve  package 
should  be  kept  on  hand.  They  need  not  generally  be  bought,  as  noth- 
ing is  better  than  common  newspapers,  especially  if  the  paper  is  mod 
erately  strong  and  heavy,  and  nearly  every  one  has  a  surplus  of  these; 
but  it  is  well  worth  while  to  cut  them  to  a  measure.  In  laying  off  the 
plants  the  thin  papers  should  be  systematically  restored  to  their  general 
package  without  having  to  move  them  twice,  and  the  driers  released  for 
further  use.  Only  one  or  two  driers  will  be  needed  for  each  specimen 
after  the  last  change,  when  they  are  laid  away  to  dry  out.  It  will  often 
happen  that  there  are  several  specimens  of  the  same  plant.  These  are 
to  be  placed  either  oa  the  same  sheet  or  on  sheets  immediately  following 
them.  No  sheet  should  ever  be  left  without  the  proper  number  or  label 
for  the  specimens  accompanying  it,  for,  as  stated  above,  everything  de- 
pends upon  the  proper  labeling  of  a  specimen. 

A  botanist's  collection  always  consists  of  two  departments :  the  herba- 
rium proper  and  the  duplicates.  The  former  he  arranges  in  strict  botan- 
ical order,  sees  to  it  that  it  contains  a  perfecl;  specimen  fully  repre- 
sented of  every  plant  he  has  ever  collected,  and  adds  to  it  as  many 
other  plants  as  he  is  able  to  obtain  through  the  process  of  exchanging, 
or  in  any  other  way.    The  latter  contains  a  large  number  of  specimens  of 
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each  of  the  rarer  plants  of  his  local  flora,  aod  eventaally  he  will  add  to 
it  other  rare  plauts  obtained  from  other  sources.  It  does  not  aim  at 
completeness,  but  simply  to  supply  a  foreign  demand  and  serve  as  a 
means  of  increasing  and  enriching  his  herbarium  proper.  As  this  ap- 
proaches completion,  therefore,  the  other  is  reduced  in  volume. 

In  putting  away  the  fully  dried  plants  they  are  accordingly  divided 
into  these  two  classes,  a  part  going  into  the  herbarium  and  a  part  to 
the  duplicates.  Where  several  specimens  of  the  same  plant  are  col- 
lected, which  should  only  be  done  where  the  plant  is  in  demand,  all  but 
one,  of  course,  are  relegated  to  the  duplicate  department,  and  usually 
without  further  ceremony.  Specimens  selected  for  the  herbarium,  how- 
ever, require  still  another  form  of  treatment.  They  must  he  poisoned. 
Let  no  one  think  that  this  can  be  dispensed  with.  As  certain  as  that  it 
requires  the  proper  cycle  of  seasons  for  it  to  grow,  so  certain  will  the 
time  come  when  if  left  unpoisoned  it  will  be  devoured  by  the  insect  pests 
of  the  herbarium.  Neither  have  much  confidence  that  this  can  be 
done  after  mounting,  and  thus  waste  neat  and  costly  glazed  paper  by 
mounting  them  first.  The  insects  naturally  work  on  the  under  side  of  the 
plant,  where  the  poison  can  not  be  applied  after  it  is  down.  The  labor  of 
poisoning  is,  perhaps,  the  least  pleasant  of  all  kinds  of  herbarium  work, 
but  its  absolute  necessity  should  at  once  dispel  all  hopes  of  evading  it. 

There  is  an  almost  complete  uniformity  among  all  botanists  as  to  the 
kind  of  poison  to  be  used,  the  accepted  substance  consisting  of  corro- 
sive sublimate  and  alcohol,  the  proportion  being  one  ounce  of  the  for- 
mer dissolved  in  one  quart  of  the  latter  diluted  25  per  cent.  The  mode 
of  applying  it  varies  considerably.  The  use  of  the  camel's  hair  brush 
is  slow  and  tedious,  but  consumes  the  least  poison,  and  may  be  de- 
fended on  economical  grounds,  though  not  likely  to  be  as  thorough  hs 
other  methods.  Probably  the  best  way,  all  things  considered,  is  first 
to  fill  a  trough  or  large  platter  with  the  poison  and  then  dip  the  entire 
plants  in  the  liquid,  handling  them  with  tweezers,  and  letting  them  drip 
before  laying  them  aside.  After  poisoning,  they  should  be  immediately 
placed  in  dry  papers;  otherwise  all  the  pains  taken  to  press  them 
nicely  will  be  in  vain,  and  their  colors  will  vanish  after  all.  This  can 
be  prevented  by  care,  and  once  changing  will  be  sufficient.  It  is  not 
necessary  to  use  regular  driers  for  this  purpose — newspaper  is  good 
enough;  and  it  will  be  found  very  salutary  to  use,  for  drying  out  the 
poison,  sheets  of  paper  designed  for  the  duplicate  department  or  for 
general  use.  The  hubit  of  the  insects  is  to  bore  through  the  sheets  on 
which  the  plants  are  laid.  They  never  go  round  the  ends  of  them,  but 
eat  circular  tubes  downward  or  upward  through  the  paper  until  they 
find  a  suitable  habitat.  If  all  the  papers  in  the  herbarium  are  saturated 
with  the  poison,  they  find  themselves  greatly  restricted  in  their  opera- 
tions, and  as  it  is  not  usually  deemed  worth  while  to  poison  duplicates, 
it  is  a  great  protection  to  them  to  have  them  in  poisoned  papers.  The 
temporary  label  should  be  kept  with  the  plant  throughout  the  poisoning 
as  throughout  every  other  process. 
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It  will  uot  be  foand  necessary  to  poison  most  of  the  cryptogamoos 
plants,  snch  as  mosses,  liverworts,  horsetails,  algae,  and  sterile  ferns, 
as  they  are  mostly  of  loose  cellular  structure.  But  fruiting  ferns  had 
best  be  poisoned,  and  this- can  be  done  by  sprinkling  better  than  by  im- 
mersion, as  they  are  likely  to  have  the  color  destroyed  if  again  thor- 
oughly wetted.  The  fleshy  fungi  and  all  leaf  fungi  must  be  poisoned  or 
they  will  be  speedily  destroyed.  The  specimens  should  be  immersed  in 
the  alcoholic  solution  of  corrosive  sublimate  as  recommended  for  flow- 
ering plants. 

MAKINa  AN  HEBBABIUIC 

The  poisoning  of  plants  is  the  last  strictly  preservative  process,  and 
we  are  now  ready  to  consider  the  more  advanced  stages  of  botanical 
work  necessary  to  the  orderly  disposition  of  the  plants  identified,  col- 
lected, and  preserved. 

The  usual  course,  upon  which  no  useful  innovation  can  be  here  pro- 
posed, is  to  keep  each  genus,  unless  too  large,  in  one  folded  sheet  of 
very  heavy  paper,  called  the  "  genus  cover,"  to  be  labeled  with  the 
name  of  the  genus  on  the  lower  left  hand  corner,  and  to  mount  the 
plants  on  fine  white  paper,  about  16  by  11  inches  in  size,  and  place 
these  sheets  in  the  genus  covers.  The  specimens  thus  prepared  should 
be  kept  in  the  latest  approved  order  according  to  the  natural  system  of 
classification,  in  cases  either  permanently  made  for  the  purpose  or  porta- 
ble. These  cases  should  consist  of  partitions,  13,  or  better,  14  inches 
wide,  4  or  5  inches  high,  and  19  inches  deep,  arranged  one  above  another 
in  several  vertical  tiers ;  these  dimensions  to  be  all  in  the  clear,  and 
cle^r  of  door  jambs.  The  doors,  which  should  consist  as  much  as  possi- 
ble of  glass,  should,  if  practicable,  be  so  hung  that  when  swung  back  the 
edge  will  be  flush  with  the  inner  vertical  sides  of  the  cases,  i.  e.j  leaving 
no  shoulder  for  the  genus  covers  to  catch  upon  in  drawing  them  out. 

The  labeling  of  the  orders  is  somewhat  difficult  on  account  of  the  per- 
petually growing  and  changing  character  of  the  herbarium.  If  labels  or 
tickets  are  attached  to  the  edges  of  the  shelves,  they  are  sure  to  require 
removal  in  a  short  lime,  which  disfigures  the  cases.  The  best  arrange- 
ment known  to  me  to  avoid  these  consequences  and  label  the  families  is 
that  of  portable  order  covers.  These  consist  of  good,  stiff  boards  (paste- 
board) of  the  same  width  as  the  genus-covers  and  a  little  longer,  to  one 
end  of  which  flaps  of  the  same  material  are  attached  by  means  of  strong 
binder's  muslin  pasted  to  both  pieces,  so  that  when  the  large  board  lies 
on  the  package  of  gen  us- covers  the  flap  will  fall  down  over  their  ends 
and  present  a  vertical  surface,  upon  which  the  name  of  the  order  or 
orders  in  the  package  is  placed.  The  flaps  will  be  3  or  4  inches  wide 
and  as  long  as  the  board  to  which  they  are  attached  is  wide.  In  the 
course  of  time  it  will  often  happen  that  orders  once  placed  in  one  parti- 
tion and  labeled  on  the  flap  will  have  to  be  taken  out  and  put  in  another. 
In  such  cases  the  names  must  of  course  be  erased  from  one  flap  and 
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writteu  on  another.  The  principal  objection  to  this  system  is  that  it 
requires  time  and  trouble  to  remove  the  order-covers  every  time  a  plant 
is  wanted.  Upon  the  whole,  it  is  perhaps  l>etter  to  do  without  order- 
covers  entirely  until  the  herbarium  becomes  quite  large  and  complete. 
If  the  plants  are  kept  in  the  natural  order,  you  will  soon  become  so 
fomiliar  with  it  that  yon  will  know  within  one  or  two  partitions  where 
any  plant  is  at  any  time. 

It  is  not  a  mere  accident  that  I  have  mentioned  the  general  character 
of  the  herbarium  before  mentioning  the  important  process  of  fMuniing 
plants.  This  is  the  fioishing  stroke  of  the  whole  work  and  should  not 
be  hastily  rushed  into.  A  plant  once  mounted  is  generally  fixed  for  all 
time,  and  this  should  presuppose  that  it  is  not  only  known  botanically, 
but  approved  as  a  suitable  specimen  to  adorn  a  cabinet.  If  rare,  and 
not  likely  to  be  found  again,  of  course  it  should  be  mounted,  even  though 
in  itself  imperfect,  but  in  so  far  as  the  local  flora  is  concerned,  this  is 
very  seldom  the  case. 

For  tiiese  and  other  reasons  I  would  advise  the  postponement  of  the 
work  <^  mounting  until  aiter  considerable  experience  has  be^i  acquired 
in  collecting  and  in  a  general  herbarium  wcnic  Some  botanists  never 
mount  plants.  They  urge  with  considerable  force  that  this  renders 
them  incapable  of  further  study  or  examination,  which  any  plant  is 
always  liable  to  require.  A  specimen  once  mounted  can  not  be  turned 
over  for  the  purpose  of  seeing  the  other  side,  where  the  two  sides  differ, 
as  is  generally  the  case.  To  meet  this  objection,  such  plants  when 
mounted  must  be  in  duplicate,  or  so  much  so  as  to  exhibit  both  sur- 
&ces.  In  the  ease  of  ferns,  for  example,  nothing  less  than  the  mount- 
ing of  two  entire  specimens  will  generally  suffice. 

Plants  may  be  nicely  kept  without  mounting  by  placing  them  in 
double  sheets  of  ordinary  paper,  and  these  in  genus-covers  the  same 
as  if  mounted.  For  increased  safety,  the  fold  of  the  £^>ecies-cover  may 
be  ^aced  in  the  reverse  position  to  that  of  the  genus-cover.  The  name 
of  the  species  may  then  be  written  on  the  species-cover  or  on  a  white 
slip  and  pasted  on  the  outside  of  it,  to  save  opening  any  that  you 
msky  not  wish  to  examine.  No  two  species  should  ever  be  placed  in 
the  same  cover,  and  where  it  is  desired  to  preserve  several  specimens 
of  the  same  species  these  may  go  inside  the  species -cover  on  separate 
sheets  of  paper. 

The  objection  to  this  plan  as  a  final  one  is  that  much  handling,  espe- 
cially afbMT  the  specimens  become  old,  breaks  them  up  and  destroys 
them.  It  is  also  more  tronble  and  requires  more  time  to  open  the  species- 
covers  than  to  look  at  the  mounted  page.  In  the  latter  case  there  is  a 
quick  method  of  looking  a  large  genus  through  as  you  would  a  book. 
It  is  held  in  the  two  hands,  with  the  right  (open)  edge  elevated  at  an 
angle  of  about  45^  from  the  table,  and  while  the  two  thumbs  rapidly 
separate  the  edges  of  the  sheets  from  the  upper  towards  the  lower  ones 
the  eye  glances  at  each  label  attache<l  to  the  lower  right-hand  comer  of 
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each  sheet  until  the  plant  sought  is  reached.  This  wonld  scarcely  be 
worth  mentioning  were  it  not  for  the  fact,  as  every  one  will  early  find 
out,  that  by  far  the  greater  part  of  the  references  to  the  herbarinm  will 
be  in  search  of  species  belonging  to  large  genera.  Very  large  genera 
should  be  divided  and  kept  in  several  genus-covers,  and  it  is  an  excellent 
plan  to  write  on  the  outside  the  names  of  all  the  species  in  a  genus  cover. 

Upon  the  whole,  then,  it  is  doubtless  best  to  mount  the  specimens 
of  the  herbarium,  but  this  should  not  be  undertaken  at  first  or  until 
considerable  experience  has  rendered  one  skilled  in  selecting  the  vriy 
best  specimens  both  from  a  scientific  and  an  artistic  point  of  view.  A 
new  beginner  will  never  afterwards  regret  having  waited  at  least  three 
years  before  mounting  any  of  his  plants.  By  this  time  he  will  have 
seen  many  other  herbariums  and  received  the  specimens  of  other  older 
botanists  in  exchange  to  compare  with  his  own,  and  will  then  possess 
some  valuable  ideas  on  the  whole  subject.  This,  therefore,  though 
probably  the  most  complicated  part  of  a  botanist's  work,  is,  when  thus 
viewed,  the  one  upon  which  the  least  pains  need  be  expended  in  de- 
scribing the  process,  since  if  the  proper  course  is  pursued  from  the 
beginning  he  will  be  sure  to  have  already  picked  up  nearly  all  the 
needed  information  respecting  it  before  he  undertakes  to  apply  it  to 
his  own  collection. 

The  two  principal  methods  of  mounting  may,  however,  be  briefly  de- 
scribed. These  are,  first  with  glue  and  second  with  gummed  strips.  In 
the  first  case  ordinary  fish  or  carriage  glue  may  be  employed  with  com- 
plete satisfaction,  since  it  may  be  used  cold  and  thus  avoid  the  neces- 
sity of  having  appliances  for  heating  as  required  by  common  glue.  The 
kind  commonly  sold  as  Le  Page's  Liquid  Glue  is  in  every  way  satisflEMV 
tory.  The  manipulator  should  be  provided  with  a  piece  of  common 
window  glass  a  little  larger  than  the  ordinary  herbarium  paper.  The 
glue  considerably  thinned  with  cold  water  is  to  be  spread  in  a  thin  layer 
evenly  over  the  glass  and  the  plant  laid  gently  down  into  the  glue, 
taking  care  to  have  all  prominent  parts  touch  the  glue.  The  plant  is 
then  lifted  from  the  glass  and  placed  carefully  on  the  herbarium  sheet, 
which  is  ready  at  hand  to  receive  it,  and  in  the  exact  position  previously 
determined  to  be  the  best.  Each  specimen  should  be  first  applied  to 
the  white  sheet  on  trial  for  this  purpose.  A  dry  cloth  is  then  used  to 
remove  any  excess  of  glue  that  may  have  been  spread  on  tiie  paper, 
and  to  press  down  any  part  of  the  plant  that  is  inclined  to  lie  badly; 
the  mounted  sheet  is  laid  down  at  one  side,  a  few  sheets  of  paper  (news- 
paper or  brown  paper)  are  laid  upon  it,  and  a  board  (a  press-board  will 
do)  is  placed  upon  these.  Another  plant  is  then  mounted  in  the  same 
manner,  the  board  removed,  the  mounted  plant  placed  on  the  papers 
previously  laid  down,  more  papers  put  on  this,  and  the  board  restored. 
This  process  is  repeated  until  all  the  plants  are  mounted.  The  mounted 
sheets  will  be  ready  to  place  in  the  genus-covers  the  next  day.  When 
the  mounting  is  completed,  the  weight  on  the  pile  should  be  increased. 
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The  temporary  labels  should  be  kept  constantly  with  their  plants. 
Final  labels  should  not  be  written  until  the  plants  have  been  mounted. 
To  economize  time  these  should  consist  as  far  as  possible  of  printed 
blanks.  In  mounting,  care  must  be  taken  to  leave  a  sufficiently  large 
space  at  the  lower  right-hand  corner  for  the  label,  and  if,  as  often  hap- 
pens, more  than  one  plant  requiring  separate  labels  go  on  the  same 
sheet,  room  for  all  the  labels  must  be  provided  for  prior  to  mounting. 
The  following  forms  of  labels  have  been  used  in  the  herbarium  of  the 
National  Museum : 


Hebb.  U.  S.  Natiokal  Museum. 
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FLORA  OF  ARIZONA. 
OoUeoted  in  the  San  Franoisoo  MoimtelB. 


CoOeoted  by  F.  H.  KllowiAON. 
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The  method  of  mounting  with  gummed  strips^  while  it  perhaps  re- 
quires more  time  and  work,  is  in  many  respects  a  pleasanter  one  than 
that  with  glue.*  In  this  case  sheets  of  the  same  paprr  used  for  mount- 
ing, or  similar  paper  without  lines,  are  gummed  entire  on  one  side  with 
mucilage.  It  is  eheai>er  to  make  the  mucilage  from  pure  gum  arable 
by  simply  soaking  it  in  the  proper  amount  of  tepid  water.  To  this, 
however,  it  is  much  better  to  add  a  small  quantity  of  glycerine,  which 
prevents,  to  a  great  extent,  the  tendency  of  the  gummed  sheets  to  roll 
up  at  the  edges  on  drying.  To  gum  the  sheets,  lay  them  on  a  flat  board 
or  other  surface  and  fasten  each  corner  with  a  pin  gently  driven  through 
the  paper  into  the  board  (which  should  be  of  soft  wood).  It  will  be 
found  a  great  saving  of  trouble  to  have  the  board  just  a  little  narrower 
and  shorter  than  the  sheet  to  be  gummed,  so  that  the  mucilage  can  be 
applied  to  the  edges  without  danger  of  sticking  to  the  board.  A  brush 
of  any  convenient  size  maybe  used  to  lay  on  the  mucilage.  The  latter 
should  not  be  too  thick,  otherwise  the  coating  will  be  uneven,  but  at 
least  two  coats  will  be  required  to  give  it  the  proper  adhesive  power. 
The  second  coat  is  put  on  after  the  first  has  become  dry.  If  several 
sheets  are  gummed  at  one  time,  which  is  the  best  way  in  order  to  con- 
sume all  the  mucilage  made  at  once,  they  may,  when  dry,  be  kept  in  a 
large  book  or  under  some  pressure  to  prevent  them  from  rolling  up. 

To  cut  the  strips  shears  are  not  to  be  recommended,  although  with 
skill  they  may  be  used.  The  difficulty  will  be  to  cut  them  of  a  uniform 
width.  It  is  better  to  cut  them  with  a  sharp  knife  on  a  broad  piece  of 
pasteboard  to  a  straight-edge.  For  this  latter  a  thin  board,  six  or  eight 
inches  wide  and  considerably  longer  than  the  sheet  to  be  cut,  is  much 
more  manageable  than  a  narrow  rule.  The  under  surface  of  this  board 
should  be  rough  and  the  edge  smooth.  The  point  of  the  knife  must  be 
kept  sharp,  and  it  should  have  a  thin  blade.  An  ordinary  shoe-knife  is 
better  than  a  jackknife  or  penknife.  An  ink-eraser  is  a  tolerable  sub- 
stitute. The  average  width  of  the  strips  should  not  be  over  1^  lines, 
but  occasionally  a  wider  one  will  be  needed  for  thick  stems.  One  sheet 
may  be  cut  up  at  a  time  and  when  consumed  another  cut.  The  long 
strips  thus  cut  may  then  be,  most  of  them,  cut  into  short  pieces  of  from 
half  an  inch  to  two  inches  in  length,  the  ordinary  length  required  being 
about  three-fourths  of  an  inch.  A  few  long  strips  should  be  left  uncut 
for  special  cases  as  they  arise. 

In  mounting  with  gummed  strips,  the  specimens  may  be  deliberately 
adjusted  to  the  sheets  and  then  fastened  down.  A  wet  sponge  is  needed 
to  moisten  the  strips  which  are  placed  over  the  stems,  peduncles,  peti- 
oles, etc.,  wherever  they  are  required  to  make  the  plants  secure.  They 
should  generally  be  plaeed  over  the  tips  of  pointed  leaves,  and  may  lie 
over  some  flowers  without  concealing  their  essential  parts.  In  putting 
them  down,  care  should  be  taken  to  bring  the  whole  of  the  gummed 
surface  into  contact  with  the  paper,  except  only  as  much  aa  is  occupied 
by  the  plant,  which  needs  to  be  tightly  encompassed  and  snugly  held 
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dowD  to  the  sheet.    This  is  best  done  by  a  pressure  of  thethamb-nnils 
along  both  ends  of  the  strip  towards  and  closely  up  to  the  plant. 

As  to  the  relative  merits  of  the  two  modes  of  mounting,  it  may  be 
said  that  perhaps  for  very  large  herbariums,  which  are  in  constant  use, 
the  method  with  glue  is  the  best,  since  the  tenderer  parts  of  the  plants 
are  thus  firmly  held  to  the  sheets,  and  not  liable  to  be  damaged.  This 
method,  however,  is  not  sufficient  in  cases  of  terete  stems,  and  needs 
to  be  supplemented  by  strips  over  such  parts.  The  objection  to  the 
strip  method  is  that  it  conceals  some  parts  of  the  plants  and  makes  the 
sheets  look  less  natural.  But,  if  carefully  and  tastefully  done,  this 
objection  need  not  have  great  weight.  On  the  other  hand,  it  has  this 
important  scientific  advantage,  that  if  mistakes  are  made  the  plants 
may  betaken  off,  and  if  very  essential  they  may  be  removed  uninjured, 
turned  over,  or  studied.  With  many  botanists  these  considerations 
preponderat/e  largely,  and  it  is  probable  that  they  come  to  have  more 
and  more  weight  as  experience  points  out  the  defects  of  the  glue  sys- 
tem. For  small  or  private  herbariums,  therefore,  the  strip  system  is,  I 
think,  upon  the  whole,  to  be  preferred. 

In  mounting  plants,  by  whatever  method,  a  few  precautions  will  be 
necessary.  The  majority  of  specimens  are  small  enough  to  admit  of 
putting  two  or  more  on  a  sheet.  Unless  very  small,  no  two  from  the 
same  locality  should  be  mounted  together,  except  where  they  differ  in 
some  important  respect,  which  it  is  desired  to  show.  But  a  sheet  is 
vastly  improved  where  specimens  of  the  same  plant,  from  widely  vary- 
ing localities,  are  grouped  together  upon  it.  In  thecourse  of  a  botanist^» 
travels  and  exchanges,  he  will  obtain  du  plicates  of  this  kind.  Some  seem 
to  have  an  idea  that  if  they  have  a  plant,  no  matter  from  what  source, 
this  is  sufficient;  but  an  herbarium  consisting  of  only  one  si>ecimeu  of 
each  ppecies  would  be  next  to  valueless,  though  it  should  thus  embrace  a 
large  part  of  the  flora  of  the  country  or  the  globe.  Instead  of  putting 
everything  into  the  duplicates  of  which  you  happen  to  have  a  representa- 
tive, it  should  first  be  ascertained  whether  a  new  plant  is  from  a  different 
locality  from  that  of  any  you  already  have  mounted;  if  so,  mount  it  at 
all  events,  and  if  possible  on  the  same  sheet.  The  first  specimen  mounted 
on  a  sheet  ought  to  go  on  the  right-hand  side,  so  that  its  label  will  nat- 
urally occupy  the  lower  right-hand  corner.  Without  crowding  it  out 
too  near  the  margin,  care  should  be  taken  not  to  waste  space  by  putting 
it  too  near  the  middle  so  as  to  prevent  another  specimen  from  being 
mounted  on  the  left  of  it.  If  lacking  in  any  of  the  particulars  which 
should  be  represented,  and  can  be  obtained  trom  the  local  flora,  such  as 
fruit  or  radical  leaves,  these  should  be  procured  and  added  to  the  sheet 
before  specimens  from  other  localities  are  given  a  place.  The  date,  etc, 
of  collecting  these  additional  parts  should  be  added  to  the  label,  or,  if 
they  seem  to  require  it,  a  new  label  may  be  written  for  them.  -  Where 
only  two  specimens  fill  a  sheet,  one  of  the  labels  should  occupy  the 
right  and  the  other  the  left  corner;  if  three  go  on,  the  third  label  may 
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occupy  the  middle  of  the  lower  edge  of  the  sheet.  In  the  case  of  very 
small  plants,  several  specimens  are  needed  properly  to  represent  each 
plant  The  lower  half  of  the  sheet  may  first  be  occupied  and  after- 
wards, if  additional  specimens  are  obtained  from  other  localities,  they 
can  occupy  the  upper  half,  with  the  labels  under  them  in  the  middle  of 
the  sheet. 

In  fastening  down  the  labels  it  is  not  best  to  gum  the  entire  surface, 
as  they  will  then  roll  up,  warp,  and  assume  a  wry  position  which  can 
never  be  cured  afterwards.  This  can,  it  is  true,  be  prevented  by  imme- 
diately putting  that  comer  of  the  sheet  into  a  clamp  and  leaving  it  there 
till  dry,  or  by  using  heavy  weights,  but  th;s  is  generally  difficult  or  im- 
practicable where  a  large  number  of  labels  are  to  be  put  down  at  one 
time.  By  gumming  only  a  narrow  portion  of  the  upper  margin  of  the 
label  there  will  be  no  warping,  and  I  recommend  this  plan.  It  is  proper, 
however,  to  state  the  objection  to  it,  which  condemns  it  in  the  eyes  of 
some.  This  is,  that  in  handling  the  plants  one  is  apt  to  take  hold  of  the 
loose  portion  of  the  label  and  tear  it  oft*.  I  have  never  yet  torn  one, 
and  do  not  think  the  objection  serious,  but  at  least  it  need  not  be,  if  the 
sheets  are  manipulated  with  the  thumbs  and  near  the  middle,  in  the 
manner  described  a  few  pages  back.  If  pains  are  taken  in  putting 
down  the  label  to  have  its  outer  edges  fall  a  trifle  inside  those  of  the 
sheet,  there  will  be  no  danger  of  ever  taking  hold  of  the  label. 

PBEPABINa  OBYPTOGAMS  FOE  THE  HERBARIUM. 

The  directions  given  for  preparing  flowering  plants  for  the  herba- 
num  will  largely  apply  to  the  preparation  of  cryptogams,  but  several 
of  the  groups  require  additional  manipulation.  Many  small  plants, 
such  as  mosses,  liverworts,  parasitic  fungi,  and  lichens,  are  best  put 
in  envelopes  or  pockets,  which  can  then  be  attached  to  the  regular 
herbarium  sheets.  These  pockets,  which  should  be  of  various  sizes, 
may  be  made  by  folding  a  piece  of  paper  so  that  the  under  part  shall 
project  about  three-quarters  of  an  inch  beyond  the  upper;  then  fold 
the  projecting  part  over  the  other,  making  the  top  of  the  pocket. 
Then  turn  under  the  right  and  left  edges  for  a  distance  of  three- 
quarters  of  an  inch,  and  press  firmly  so  as  to  make  permanent  creases 
when  the  paper  has  been  folded.  The  p>ocket  is  attached  to  the  sheet 
by  a  small  spot  of  strong  glue  in  the  middle  of  the  back.  The  label 
should  be  attached  on  the  top  of  the  pocket.  These  pockets  may  be 
made  of  different  sizes  to  accommodate  various  specimens. 

In  some  cases  it  may  be  found  an  advantage  to  use  herbarium  sheets 
of  a  smaller  size  than  the  regular  herbarium  sheet,  as  they  can  be 
more  easily  handled  and  are  less  likely  to  be  injured  and  will  occupy  less 
room  in  the  herbarium.  But  if  the  collection  is  likely  to  be  very  large 
it  will  probably  be  better  to  use  the  regular  herbarium  sheets,  which 
can  then  be  placed  in  proper  order  in  the  general  herbarium. 
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Large  specimeDs,  sach  as  lichens  on  rocks,  may  be  sometimes  at- 
tached directly  to  the  sheet,  but  sach  are  probably  best  kept  in  small 
pasteboard  boxes,  and  the  whole  fitted  into  the  trays  of  a  cabinet.  A 
very  convenient  box  for  sach  specimens  can  be  made  of  the  regalar 
herbariam  sheet  size  and  three  or  foar  inches  deep,  which  will  fit  into 
the  compartments  of  the  herbariam  case. 

Alg8B  and  all  plants  of  this  character  should  have  the  sheets  upon 
which  they  are  floated  out  glued  to  the  regular  herbarium  sheets. 

The  larger  fleshy  fnngi  (also  seeds  and  fruits)  can  only  be  kept  with 
satisfaction  in  small  pasteboard  boxes  in  a  cabinet,  unless  preserved  in 
alcohol. 

CARE  OF  DUPLICATES. 

Some  botanists  pay  little  attention  to  their  duplicates;  arrange  them 
in  no  definite  order;  keep  them  in  parcels,  each  summer's  collection  by 
itself,  or  in  other  unsystematized  ways,  and  depend  upon  memory  to 
hunt  oat  anything  they  may  want  to  find.  This  is  in  a  high  degree  rep- 
rehensible, and  really  occasions  great  loss  of  time.  Others  arrange 
them  in  the  alphabetical  order  of  the  genera,  which  is  much  better,  but 
is  not  to  be  recommended.  It  is  best  to  arrange  them  carefully,  accord- 
ing to  the  natural  system,  the  same  as  the  herbarium. 

How  to  label  the  cases  of  so  shifting  a  mass  has  been  a  serious  difficulty. 
I  have  heard  very  few  plans  of  doing  this  suggested,  and  I  think  nearly 
all  botanists  leave  them  without  labels,  and  depend  upon  memory  to 
start  in  wherever  they  think  their  plant  may  be.  I  will  give  my  own 
method,  which  has  worked  admirably,  and  which  eminent  botanists 
have  admired  and  expressed  an  intention  to  adopt. 

Strips  of  white  paper,  19  inches  in  length,  are  cut  of  two  widths,  one 
kind  2  inches  wide,  the  other  1  inch.  The  former  are  used  for  genus 
strips,  the  latter  for  species  strips.  Every  genus  is  furnished  with  one 
of  the  wider  sort,  and  its  name  is  written  across  one  end,  which  projects 
for  enough  in  front  to  leave  the  name  in  full  view,  and  when  the  doors 
are  closed  this  end  bends  down  so  as  to  present  it  clearly  to  the  eye. 
If  the  genus  contains  only  one  or  two  species,  or  even  three,  species  strips 
are  not  used,  but  for  all  genera  represented  in  the  duplicates  by  four  or 
more  species,  each  species  is  also  provided  with  a  strip.  Between  the 
genus  strip  and  the  first  species  a  sheet  of  paper  intervenes,  so  that  the 
two  strips  will  not  lie  upon  each  other.  Single  sheets  are  alone  used  to 
put  duplicates  on,  and  great  facility  is  thus  secured  in  handling  them. 
The  plants  occupying  each  partition  are  placed  between  large-sized 
pasteboards,  the  upper  one  of  which  is  thinner  and  more  pliable  than 
the  lower.  This  latter  feature  will  be  found  a  great  improvement  upon 
the  use  of  two  stiff  boards* 


B— FOSSIL  PLANTS. 


I.  iBfPLBMBNTS  FOR  COLLBCTING: 

Hammers,  pick  and  shovel,  iron  bar,  chisels,  explosives,  collecting  bag,  wrapping 
paper,  field  labels,  notebook. 
II.  Wrapping  and  Packing  Specimens  for  Shipment. 

III.  CoLiJccTiNG  Fossil  Plants. 

IV.  Care  of  Specimens  in  the  Laboratory.  - 

Implements  fob  CoLLEOTiNa. 

HAMMEB. 

The  implements  that  are  iudispensable  in  the  formation  of  a  collection 
of  fossil  plants  are  really  very  few ;  in  fact,  it  may  be  said  that  if  the 
occasion  absolately  demands  it  they  may  be  reduced  to  a  single  imple- 
ment, viz,  a  hammer.  A  hammer  of  some  kind  can  not  be  dispensed 
with,  and  preferably  it  shoald  be  of  the  form  ind legated  in  the  figure  (Fig. 
10).  It  should  be  made  of  well-tempere*!  steely  and  should  have  the 
striking  face  square.    The  peen  shoald  be  long  and  moderately  thin,  and 

shoald  be  flattened  at 
right  angles  to  the  han- 
dle, or  in  the  opposite 
direction  to  the  bit  of 
an  axe.  The  weight  of 
the  hammer  shoald  not 
exceed  one  pound.  The 
handle  shoald  be  very 
strong  but  light,  and 
should  not  be  over  12 

PiQ.  la-Hiwnmer.  .^^^^^  .^  length. 

This  foim  of  hammer  will  be  foand  very  serviceable  in  digging  and 
prying  up  partly  loosened  material.  It  may  be  carried  loose  in  the 
hand,  bat  if  the  expedition  is  to  be  long  in  the  field  some  other  method 
of  carrying  it  had  best  be  adopted.  Thu.^,  it  may  be  carried  in  a  belt 
worn  around  the  body,  or  it  may  be  placed  in  the  collecting  bag  to  be 
described  later  on. 

A  heavy  hammer  or  sledge  may  in  some  case  be  found  of  great  ser- 
vice, sach  as  breaking  up  hard  nodules,  or  in  reducing  blocks  of  stone 
t  hat  do  not  split  readily  in  definite  lines.  It  w  ill  hardly  be  found  profit- 
able to  carry  a  large  hammer  of  this  kind  on  a  long  expedition  when, 
as  is  so  frequently  the  case,  transportation  is  an  important  item.  Very 
good  work  can  usually  be  done,  even  on  refractory  material,  with  the 
small  collecting  hammer. 

[41] 
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PICK  AND  SHOVEL. 

A  pick,  especially  the  kiud  known  as  a  prospector's  pick,  will  often 
prove  of  great  value,  when  a  mass  of  debris  must  be  removed  in  order 
to  get  at  a  particular  plant-bearing  bed.  This  form  of  pick  has  one 
prong  drawn  out  to  a  slender  point,  while  the  other  is  truncated  and 
sharpened  into  a  cutting  edge.  If  a  pick  is  to  be  carried  from  place  to 
place  it  should  be  light,  and  be  supplied  with  a  slender  but  strong  handle 
which  can  be  removed  from  the  head. 

A  shovel  will  often  be  of  great  service  in  removing  debris  from  exca- 
vations, uncovering  strata,  etc.,  but  usually  it  will  not  be  found  desir- 
able to  burden  an  expedition  with  this  implement,  unless  a  locality  is 
to  be  visited  in  which  the  plant-bearing  beds  can  only  be  reached  by 
excavating.    It  is  at  all  times  a  convenient  thing  to  have,  but  can  be 

dispensed  with. 

moN  BAB. 

As  in  the  case  of  the  pick  and  shovel,  an  iron  bar,  such  as  that  used 
by  quarry  men,  will  frequently  be  serviceable^  but  likewise  it  can  be 
readily  dispensed  with. 

OHISBLS. 

Implements  of  this  kind  will. not  usually  be  found  necessary,  yet  in 
some  cases  they  may  be  employed  to  advantage,  as  in  removing  speci- 
mens that  are  exposed  on  the  surface  of  very  large  blocks  or  on  a  slab 
that  can  not  be  removed.  A  furrow  can  be  made  around  the  specimen 
with  a  chisel,  and  it  can  then  be  split  off.  The  chisels  should  be  made 
of  well-tempered  steel  and  should  be  of  various  sizes. 

EXPLOSIVES. 

The  use  of  explosives  can  only  be  undertaken  under  certain  condi- 
tions, and  then  with  caution;  but  when  a  large  mass  of  rock  is  to  be 
removed  or  brought  down  they  may  be  employed  successfully.  The 
kind  to  be  used  and  the  methods  of  handling  them  must  be  determined 
for  each  particular  case. 

OOLLEOTING  BAG. 

The  collecting  bag  is  a  very  valuable  adjunct  in  collecting,  and  can 
not  well  be  dispensed  with.  It  should  be  made  of  thick,  stout  leather, 
and  should  be  12  inches  wide,  4  incites  thick,  and  12  inches  deep,  and 
should  have  one  side  extend  as  a  '^  dap"  over  the  top  and  fully  G  inches 
down  the  opposite  side.  The  "flap"  should  have  a  strap  and  strong 
buckle  to  hold  it  down  to  the  side  of  the  bag.  It  should  also  be  pro- 
vided with  a  strong  leather  strap  2  inches  wide,  for  carrying  the  bag 
over  the  shoulder.  All  parts  of  the  bag,  but  particularly  the  shoulder 
strap,  should  be  securely  riveted  in  place,  so  that  it  may  be  subjected 
to  rough  usage  without  readily  being  injured. 

If  the  expedition  is  to  make  use  of  saddle  animals^  at  least  two  of 
these  collecting  bags  will  be  found  desirable. 
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Of  coarue  anything  may  be  nsed  as  a  eabstitnte  for  these  regularly 
made  collecting  bags  actutrding  to  the  exigeooies  of  the  oooasion,  but 
some  sort  of  receptacle  for  oouvenient  transportation  of  speeimens  in 
the  field  mmt  be  provided. 

VBAPPINa  PAPBB. 

This  is  ooe  of  the  most  essential  things  and  can  never  be  diapemed 
with.  The  qaality  to  be  selected  is  of  little  consequence,  bat  parttc- 
nlar  care  shoald  be  taken  that  the  quantity  be  anflicleut.  Old  news- 
papers make  probably  the  best  wrapping  paper.  A  very  good  kind  is 
firm  manitla  paper,  sncb,  for  ioBtaace,  as  the  kind  usually  employed  by 
hardware  dealers. 

The  wrapping  paper  must  be  taken  into  the  field  each  day  and  the 
specimens  wrapped  as  fast  as  they  are  collected,  or  at  least  as  soon  as 
tiiey  are  ready  to  be  taken  to  the  general  headquarters  or  are  to  be 
packed  for  final  shipment.  Never  attempt  to  carry  nnwrapped  speci- 
mens loose  in  the  collecting  bag,  for  they  will  almost  sorely  be  mined. 

FIELD  LABELS. 

Some  form  of  label  must  be  prepared  in  the  field  that  will  snpply 
all  necessary  iuformation  concerning  the  specimens.  This  information 
ma;  be  either  carefully  written  out  on  each  label  or  the  label  may 
bear  a  number  or  reference  to  the  page  of  a  note  book  in  which  all  the 
data  may  be  recorded.  It  is  in  all  cases,  however,  better  to  put  on  the 
la'  el  the  locality  and  date  of  collecting,  so  that  the  B|>ecimens  may  have 
always  with  them  part,  at  least,  of  the  data  respecting  them.  Unlabeled 
and  unknown  specimens  are  of  very  little  value.    If  the  expedition  is 

to  be  an  extensive  one,  printed  labels,  like  the  following  in  form,  i 

be  found  convenient  and  time-saving : 


FlILD  Labkl. 

DMTBD  STATES  MATIONAL  MUSEUM. 

Koto  book 

D»te! 

Pmr> 

Lo<»llty> 

TarmMmx 

CollMtOP: 
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NOTE  BOOK. 

The  collector  shonld  always  be  provided  with  a  note  book  of  some 
form,  in  which  are  to  be  recorded  the  facts  and  observations,  asnally 
too  voluminous  to  be  readily  accommodated  on  the  labels.  The  memory 
unaided  can  not  be  trusted  to  retain  with  accuracy  the  whole  history 
of  the  specimens. 

II. — WRAPPiNa  AND  Packing  Specimens  foe  Shipment. 

If  the  specimens  as  they  are  brought  in  from  the  field  still  retain 
their  wrapping  in  good  condition,  it  may  not  be  necessary  to  rewrap 
them,  but  in  most  cases,  and  especially  if  the  journey  by  rail  is  to  be 
long,  they  had  best  be  rewrapped.  It  takes  but  a  moment  to  do  this, 
but  by  this  precaution  many  valuable  and  fragile  specimens  may  be 
transported  in  safety  for  very  long  distances. 

The  size  of  the  packing  box  will  depend  entirely  upon  the  character 
of  the  specimens.  If  they  are  large  and  preserved  in  a  firm  matrix, 
the  packing  box  may  safely  be  of  good  size ;  but  if  the  specimens  are 
fragile,  such  as  thin  shale,  clay,  etc.,  the  box  must  be  small,  and  they 
must  be  amply  wrapped.  In  either  case  the  specimens  must  be  [mcked 
firmly  in  the  box  and  the  box  completely  filled  before  closing.  Spaces 
between  the  specimens,  if  such  occur  after  all  have  been  put  in  that  the 
box  will  comfortably  contain,  should  be  filled  with  paper  or  some  bulky 
material,  such  as  fine  hay,  shavings,  etc.  Do  not,  however,  use  hay, 
straw,  excelsior,  sawdust,  etc.,  as  a  substitute  for  the  wrapping  paper, 
for  the  specimens  will  almost  certainly  be  ruined. 

III.— Collecting  Fossil  Plants. 

It  is  difficult  to  give  explicit  directions  for  collecting  fossil  plants,  for 
the  conditions  under  which  they  occur  are  so  various  that  what  will 
apply  to  one  locality  will  be  of  little  value  for  the  next.  It  must  simply 
be  borne  in  mind  that  the  priocipal  object  is  to  get  the  specimens  in  as 
nearly  perfect  condition  as  possible,  and,  further,  to  get  a  complete  rep- 
resentation of  the  flora  of  each  deposit.  It  is  not  to  be  understood  tbat 
only  the  absolutely  perfect  specimens  should  be  saved,  for  as  a  matter 
of  fact  very  few  specimens  are  ever  obtained  that  are  perfect  in  all  parts. 
The  character  of  the  matrix  and  state  of  preservation  of  the  plant- 
remains  must  also  be  taken  into  account.  A  shale,  for  example,  that 
splits  readily  is  better  fitted  to  preserve  plants  than  a  coarse  sandstone, 
and  a  specimen  that  would  be  poor  for  the  former  would  be  good  for 
the  latter.  Again,  the  geological  horizon  from  whicb  they  come  may 
make  them  of  the  highest  interest.  A  few  seemingly  worthless  frag- 
ments from  a  horizon  that  rarely  bears  plant-remains  may  often  be  of 
greater  interest  than  a  fine  collection  from  a  well-known  locality  or 
horizon.    Therefore  no  one  should  be  discouraged  because  the  remains 
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aeem  fragmentary,  as  lunch  cau  frequeDtly  be  made  out  witli  very  poor 
material.  Bnt  care  should  be  taken  to  get  as  complete  a  representa- 
tion as  possible. 

In  collecting  in  any  locality  it  is  well  to  get  ont  as  large  a  ueries  as 
posnible  before  selecting  tbe  specimeun  to  be  takeu.  In  tliia  wh,v  many 
Dearly  valueleas  specimens  may  be  discarded  at  once,  for,  with  a  large 
namber  to  select  from,  the  really  good  material  can  be  readily  picked 
onL  Fragments  that  illustrate  essential  or  im|K>rtaut  characters  shonld 
be  taken,  sacb  as  the  tip  of  a  leaf,  a  petiole  with  a  small  part  of  the 
leaf  attached,  a  good,  perfect  base  of  a  leaf,  or  a  well-preserved  portion 
of  the  margin.  By  the  comparison  of  a  good  aeries  of  sacit  fragments 
a  thorough  and  satisfactory  idea  of  the  form,  size,  and  character  of  the 
leaf  may  be  obtained.  A  leaf  with  no  part  of  the  margin  preserved 
can  asaally  be  discarded  at  once,  with,  of  course,  the  limitations  men- 
tioned above.  EnOQgh  shoald  be  taken  to  illustrate  the  species  if  it 
can  be  obtained. 

In  collecting  ferns  the  most  valuable  specimens  are  those  found  in 
fruit,  and  nothing,  no  matter  how  fragmentary,  tliat  shows  the  slightest 
tendency  to  be  frait-bearing  shoald  be  discarded.  A  chance  fragment 
may  frequently  settle  important  biological  Questions. 

Specimens  that  are  accidentally  broken  are  not  to  be  discarded  as 
worthless,  for  they  can  be  easily  mended  with  strong  glue  and  made 
nearly  or  quite  as  good  as  before.  Parts  of  the  same  8i>ecimen  should 
be  kept  together  if  possible;  that  is,  each  shoald  be  wrapped  separately 
and  the  whole  wrapped  in  a  single  larger  bundle.  The  repairing  is  best 
done  in  the  hkboratory. 

Oounterparts  or  reverse  impressions  should  be  carefully  preserved, 
and  also  kept  together.  These  reverse  impressions  are  frequently  of 
great  assistance  in  the  stndy  of  the  specimen. 

Much  work  can  be  done  in  the  field  in  the  way  of  reducing  the  size 
of  the  specimens  j  that  is,  just  as  much  of  the  matrix  should  be  re- 
moved as  possible  with  safety  to  the  impression  that  is  preserved  upon 
it.  The  distance  and  means  of  transportation  most  be  taken  into  ac- 
count and  the  specimen  treated  accordingly.  If  it  is  preserved,  for 
example,  in  a  thinly  laminated  shale,  very  little  redaction  of  the  size 
of  the  specimen  should  be  attempted,  bnt  if  the  matrix  is  firm  much 
can  safely  be  removed.  On  the  other  band  very  fragile  specimens,  such 
as  clay,  bad  best  be  sent  in  in  bulk  and  broken  up  afterwards. 
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namber  in  a  book,  kept  for  thisparpose,  is  to  be  recorded  all  tbe  iDforma- 
tion  at  hand  coQcerniDg  the  specimens,  snch  as  locality,  collector,  hori- 
zon, etc  The  same  namber  will  be  placed  on  all  the  specimens  that 
were  obtained  by  the  same  collector,  at  the  same  place  and  time.  They 
may  then  be  moved  about  and  gronped  in  various  ways  during  the  time 
they  are  being  studied  and  yet  can  always  be  identified  by  referring  to 
the  catalogue.  The  labels  should  be  attache^l  to  the  specimens  with 
strong  glue,  and  care  should  be  taken  not  to  put  them  in  a  place  that 
will  obscure  an  impression  preserved  upon  the  rock  or  be  in  the  way  of 
any  excavation  that  it  may  be  desirable  to  make  on  the  specimen. 

It  will  often  happen  that  in  specimens  brought  in  from  the  field  a 
larger  or  smaller  portion  of  the  leaf  or  vegetable  fragment  will  be  still 
covered  up  in  the  matrix.  With  a  number  of  small  chisels  and  a  light 
hammer  this  obscuring  material  can  be  entirely  removed,  thus  exposing 
oftentimes  a  perfect  leaf  or  other  organ.  Tbe  chisels  should  be  sharp, 
of  various  sizes  and  made  of  the  best  tool-steel,  as  chipping  many  kinds 
of  rock  will  be  very  hard  on  them.  With  a  little  experience  the  over- 
lying material  can  be  skillfully  removed  without  injury  to  the  speci- 
men. The  size  of  the  hand  specimens  can  also  frequently  be  advan- 
tageously reduced  without  injury  to  the  impression.  For  reducing  the 
size  of  specimens  a  small  hammer  with  square  faces  should  be  used. 
By  holding  the  specimen  firmly  in  the  left  hand  and  delivering  a  sharp, 
quick  blow  with  the  hammer  a  small  fragment  may  be  removed  with- 
out breaking  the  specimen.  In  this  way  the  specimen  may  be  reduced 
to  almost  any  desired  size  or  shape,  so  long  as  it  does  not  interfere  with 
the  impression  preserved  upon  it. 

The  specimens  of  fossil  plants  after  they  have  been  prepared  and 
studied  should  be  kept  in  trays  of  suitable  depth  in  a  cabinet  prepared 
for  the  puri)ose. 
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NOTES  ON  THE  PREPARATION  OF  ROUGH  SKELETONS. 


By  Fredsiuc  A.  Lucas, 
Jsnalani  Curator  of  the  Department  of  Comparative  AiMtomy. 


These  directions  for  preparing  roagh  skeletons  have  been  divided 
into  sections,  in  order  that  the  collector  might  tarn  at  once  to  the  por- 
tion bearing  directly  on  the  subject  in  hand.  The  general  directions  for 
mammals,  however,  apply  with  more  or  less  force  to  all  skeletons. 

The  extent  to  which  these  instractions  can  be  followed  will  of  neces- 
sity depend  largely  on  circumstances.  It  is  not  to  be  expected  that  a 
collector  working  in  the  field  would  use  the  same  time  and  care  as  one 
residing  on  the  spot  or  located  for  some  time  at  one  place,  but  as  one 
well  prepared,  perfect  skeleton  is  worth  more  than  half  a  dozen  muti- 
lated specimens,  a  little  time  spent  in  the  work  of  roughing  out  and 
packing  will  be  well  repaid. 

IDENTIFICATION  OF  SPEOIHENS. 

It  is,  of  course,  extremely  important  to  know  the  correct  name  of 
every  skeleton,  and  whenever  possible  this  should  be  attached  to  the 
specimen,  but  it  is  a  mere  waste  of  valuable  time  to  endeavor  to  identify 
specimens  in  the  field. 

When  the  animal  is  unknown,  its  skin,  roughly  taken  off,  should  be 
kept,  or  the  skin  of  another  specimen  should  be  prepared  in  the  usual 
manner,  in  order  that  it  may  serve  as  a  means  of  identifying  the 
skeleton. 

LABELING. 

The  best  method  is  to  have  a  series  of  numbers,  stamped  on  pure 
sheet  tin,  and  provided  with  a  string  for  tying  them  to  specimens^  the 
numbers  being  recorded  in  a  notebook. 

Unfortunately  these  tin  numbers  are  not  always  to  be  had,  and  a 
very  good  substitute  may  be  made  by  cutting  Roman  numbers  on  a 
block  of  wood. 

If  labels  are  used  let  them  be  of  good  stout  manilla,  as  thin  paper 
is  apt  to  be  torn  or  defaced. 
L33 
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Do  not  UHO  wirti  of  any  kind  to  fiuteii  tin  or  lead  uumbers  to  8])cci- 
mens  tliat  are  to  go  tn  alcohol  or  brine,  for  (hiB  sets  up  a  galvanic  actiou 
which  results  disastrously. 

SELECTION   OF   8PBCIHBNH — FBACTUBES. 

Where  time  allows,  select  a  series  of  skeletons  of  difiForent  ages ;  but 
where  only  one  skeleton  can  be  prepared,  choose  a  fnlly  grown,  adult 
aiiitnal,  as  free  as  possible  from  fractures.  If  an  animal  is  shot  or 
trapped  it  is  impossible  to  avoid  breaking  some  bones,  and  sucb  must 
be  allowed  to  pass,  but  where  it  has  been  beaten  to  death,  fractaring 
the  sknll  and  limb  boues  generally,  the  animal  had  better  be  thrown 
away  at  once. 

If  the  skull  alone  is  broken,  select  if  possible  another  of  the  same 
size  and  send  both  with  the  body.  When  convenient  send  with  a  brokf  n 
leg  or  wing  another  of  the  same  size,  but  on  no  account  throw  away  the 
fractured  limb. 

Do  not  neglect  any  animal  simply  because  it  is  common,  for  a  com- 
moQ  species  may  be  anatomically  important. 


A  knife  and  a  pair  of  scissors  are  all  that  are  ab- 
solutely necessary,  but  if  these  can  be  supplemented 
by  oueor  two  steel  scrapers,  the  work  will  be  greatly 
facilitated. 

■'BOUQHINO  OUT" — mammat.h. 

If  an  animal  is  rare,  the  skin  should  be  very  care- 
fully taken  off  and  preserved ;  otherwise,  remove 
the  skin  roughly  and  disembowel  the  specimen,  tak- 
ing care  not  to  cut  into  the  breastbone,  esiiecially 
the  disk-shaped  piece  of  cartilage  in  which  it  ends. 
Animals  destiuetl  for  skeletons  should  on  no  account 
be  split  np  the  breast  as  though  they  were  being 
dressed  for  market. 

Detach  the  legs  from  the  body  and  remove  the 
flesh,  taking  caro  in  so  doing  not  to  remove  the  col- 
lar bone  or  kneepan  with  the  meat.  In  the  cat 
family  the  collar  bone  is  very  small,  and  lies  loose  m 
flesh  between  the  shoulder  blade  and  trotit  end  the 
of  breastbone.  The  collar  bone  of  weasels  is  very 
minute  and  difficult  to  find,  while,  on  the  other  hand, 
climbing  and  burrowing  animals  usually  have  this 
bono  well  developed,  uniting  the  sbonlderblade 
with  the  breastbone. 

Deer,  antelopes,  bears,  and  seals  have  no  collar 
Foxr-drrotptokldK.         ^j,p^ 
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In  small  quadrapeds  it  will  be  unnecessary  to  detach  the  legs,  but, 
whenever  convenience  in  roughing  out  or  packing  renders  this  needful, 
cut  the  collar  bone  loose  from  the  breastbone  and  leave  it  fastened  to 
the  shoulder  blade. 

The  legs  bein^  finished,  disjoint  and  clean  the  skull.  Be  careful  in 
removing  the  eyes  not  to  thrust  the  point  of  the  knife  through  the  thin 
portion  of  the  skull  back  of  them  and  in  deer,  antelopes,  or  other 
ruminants,  take  care  not  to  break  through  the  thin  bone  back  of  the 
upper  teeth.    Also  be  careful  not  to  cut  oif  any  projections  of  bone. 

Bemove  as  much  of  the  brain  as  possible  with  a  scraper,  bent  wire, 
or  small  stick. 

In  cleaning  the  ribs  take  care  not  to  cut  the  cartilages  joining  them 
to  the  breastbone,  and,  when  the  tail  is  reached,  look  for  a  few  little 
bones  projecting  downwards  from  the  first  few  vertebrje. 

Fold  the  legs  snugly  along  the  body,  or,  if  they  have  been  detached, 
tie  them  together  with  the  skull  on  the  under  side,  as  much  as  possible 
within  the  chest  cavity ;  also  turn  down  the  tail  and  tie  it  upon  itself. 

Roll  up  in  a  bit  of  rag  and  fasten  securely  to  one  of  the  long  bones 
any  bones  which  may  have  been  detached  or  any  splinters  from  a  broken 
bone. 

Hang  the  skeleton  to  dry  in  the  shade,*  where  it  will  escape  dogs, 
cats,  and  rats. 

Lastly,  in  case  a  small  skeleton  is  likely  to  be  some  time  on  the  road, 
give  it  a  very  thin  coat  of  arsenical  soap  to  preserve  it  from  the  attacks 
of  Dermestes  and  other  insects. 

On  short  collecting  trips  the  poisoning  may  be  omitted  and  the  speci- 
mens treated  when  they  reach  their  destination,  but  where  small  skele- 
tons are  to  lie  for  some  time  uncared  for,  they  should  be  poisoned, 
otherwise  they  may  arrive  in  a  very  much  mixed  and  dilapidated  con- 
dition. 

The  breastbones  of  large  animals  should  also  be  well  poisoned. 

The  best  method  of  poisoning  small  specimens  is  to  dissolve  arsenic 
in  hot  water,  and  when  the  solution  is  cold  soak  t  he  skeletons  in  it  for 
an  hour  or  so.  All  the  small  rough  skeletons  stored  in  museum  collec- 
tions, as  well  as  those  in  the  stock  of  dealers  in  natural  history  material, 
are  or  should  be  thus  treated.  The  addition  of  a  little  washing  soda 
will  cause  water  to  take  up  much  more  arsenic  than  it  otherwise  would. 

Should  any  of  these  small  specimens  be  needed  for  disarticulated 
skeletons  the  arsenic  can  be  extracted  by  soaking  in  a  hot  solution  of 
washing  soda. 


( 


*  In  this  as  in  many  other  particulars  the  collector  will  necessarily  be  governed  by 
circumstances,  for  in  moist  climates,  or  on  shipboard,  it  ma^  be  needful  to  dry  speci- 
mens in  the  son,  or  even  by  the  aid  of  a  fire. 
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SFBOIAI.  POINTS. 

Kmbraciug  tLe  upfter  pari  of  tlie  wiud])ii>e  aud  connecting  it  with  tlie 
baae  of  the  skull  is  a  series 
of  bones  known  aa  the  liyoid 
apparatus.  This  shonid  be 
carefully  saveil. 

There  are  usually  small 
boiiCK,  termed  Hesamoids,  em- 
beddetl  in  the  tundons,where 
they  pisy  ovit  the  uuder 
sides  of  the  toes,  and  on  this 
account  the  tendons  should 
never  Ite  cut  olf  close  to  the 
bone. 

There    are   often   one   or 

two  small  bones  on  the  back 

_    .    „         .  D     .    B,  ..,....,  .      lower  portion  of  the  thicli 

orii)nidiir>i)a(.  nf*  iubbit.«hnwiD):ti.BiuiPk-     bone;  these   should  he  left 

winily  pmJi-ciiiDf!  ptVMu,  ' 

tn  pl»ce. 

In  preparing  the  skeletons  of  rabbits  particular  attention  should  be 
given  to  the  shoulder  blade,  as  this  has  a  slender  projection  at  the  lower 
end,  which  extends  some  distance  backward. 

The  male  oi^n  of  a  great  many  quotlrupeds,  as  the  raccoon,  it*  pro- 
videil  with  a  bone.  As  it  is  difBcult  to  say  when  this  may  or  may  not 
l>e  present,  it  sbouhl  always  be  looked  for.  and  when  fouQ<l  left  Rttachecl 
to  the  hipbones. 

cetaceans:  porpoises,  blackpish,  etc. 

Porpoise  skeletons  are  very  easily  prepared,  but  one  iir  two  points, 
sudi  aa  the  slender  cheek  bones  and  the  jK^lvio  Imnes  or  riidimentarj- 
hind  limbs,  reqnire  s|>ecia]  care. 


rui.*.— Hkrlf4<Hi<>r.iPorpnli»,  IhritnltHt  IIbm  nh 
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The  pelvic  bones  are  so  small  and  so  deeply  imbedded  in  tbe  flesh  that 
they  are  only  too  often  thrown  away. 
The  accompanying  cuts  show  their  lo- 
cation and  their  average  size  in  a  speci- 
men 7  or  8  feet  long. 

It  often  happens  that  the  last  rib  lies 
loose  in  the  flesh,  with  its  upper  end 
several  inches  from  the  backbone- 
This  should  always  be  looked  for. 

There  are  no  bones  i  n  the  sides  of  the 
tail  or  flukes  nor  in  the  back  fin,  and 
they  can  be  cut  off  close  to  the  body 
and  thrown  away. 

The  byoid  is  largely  developed  in 
most  cetaceans,  and  will  be  found 
firmly  attached  to  the  base  of  the 

1^    t|  Fio.  5.— Full -sized  pelvic  bone  of  a  Por- 


BIRDS. 

In  preparing  a  bird  for  a  skeleton  a  little  more  care  must  be  used 
than  is  necessary  with  a  quadruped,  the  bones  being  lighter  and  more 
easily  cut  or  broken. 

The  wings  terminate  in  very  small,  pointed  bones,  and  there  is  a 
similar  bone — corresponding  to  the  thumb  of  mammals — hidden  in  a 
tuft  of  feathers  on  the  bend  of  the  wing. 


Pio.  6.— Portion  of  right  wing  of  Great  Homed  Owl,  seen  fVom  below.    R,  Radins;  U,  Ulna:  /,  //, 
III,  First,  second, and  third  (lowers;  a,  Kadi.'ile;  e,  Ulnare;  otp,  Os  proiuiuous. 

It  is  a  good  plan  to  leave  this  tuft  untouched,  as  well  as  the  outer- 
most two  or  three  wing  feathers,  so  as  to  lessen  the  risk  of  removing 
any  of  these  little  bones  with  the  skin. 

Other  parts  requiring  special  attention  are  the  slender  points  on  the 
under  side  of  the  neck  vertebrne,  those  projecting  backward  from  the 
ribs,  and  the  last  bone  of  the  tail. 

It  frequently  occurs  in  birds  that  many  of  the  tendons  become  ossi- 
fied,  as  they  do  in  the  leg  of  a  turkey.  Look  out  for  such  on  the  under 
side  of  the  neck,  in  the  legs  and  wings,  and  along  the  sides  of  the  back, 
and  do  not  tear  off  the  muscles  as  you  would  if  preparing  a  skin. 

In  many,  possibly  most  birds,  the  neck  and  back  can  be  left  un- 
touched, as  the  muscles  will  dry  up  and  a  thin  coat  of  arsenical  8oa]> 


BULLETIN  39,  UNITED  STATES  NATIONAL  MUSEUM.  [8] 

will  »erve  to  keep  out  the  Dermestes  which  would  otherwise  attack 
these  places. 

The  liyoid  bones,  which  sup- 
port the  tongue  and  are  attached 
to  the  windpipe,  should  he  saved, 
as  should  also  the  windpipe  itself 
whenever,  as  in  many  ducks,  it 
huM  bony  structnrcs  developed  in 
part  of  its  length. 
Ill  many  birds,  and  especially  in  birds  of  prey,  there  is  a 
ring  of  bones  surrounding  the  pupil  of  the  eye.     It  is  there- 
fore best — unless  you  are  an  expert — not  to  remove  the  eye- 
ball, but  to  simply  puncture  it  to  allow  the  escape  of  its 
fluid  contents. 
Keinovc  the  brain  carefully. 

In  making  the  skeleton  into  a  bundle  for  pack- 
ing, bend  tho  neck  backward,  detaching  the 
skull  if  necossiiry,  and  fold  the  legs  and  wings 
closely  alongside  of  the  iKKly. 

SPRCIAI.   POIN,TS, 

Cormorants  liave  a  small  i>ono  attached  to 
the  hack  of  the  skull,  and  in  Auks  and  many 
similar  birds  there  is  a  small  bone  at  the  el- 
bow. 

Sometimes  there  is  a  little  bone  at  the  binder 
angle  of  the  lower  jaw,  so  that  it  is  a  good  mie 
not  to  trim  up  a  bird's  skull  too  closely. 

The  easiest,  and  in  many  ways  best,  way  to 
collect  small  birds  is  to  place  tbem  entire'tn 
alcohol  first  making  an  incision  in  the  lower, 
part  of  tho  abdomen  to  allow  the  alcohol  to  reach 
the  viscera. 

Alcohol  should  not  lie  used  of  full  strength 
(95°),  the  proper  proportion  being  onequarter 
waler  and  tbrec-qnarters  alcohol. 

TURTLES. 

In  onlcr  to  rongh  out  a  turtle  it  is  usually 
necessary  to  remove  the  under  shell  or  plastron, 
although  some  species,  such  as  certain  of  tho 
?]"■■— svsieton  of  n  birrt     large  land  tortoises,  can  be  roughed  out  with- 
out doing  this. 
In  sea  turtles  and  a  few  others  tho  jilastron  can  be  cut  loose  by  taking 
*  little  time  to  the  operation,  but  in  the  more  solidly  built  tortoises  and 


r^^^^x 
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most  fresli-water  turtles  it  is  necessary  to  saw  tlirough  tlie  bone,  fol- 
lowing the  line  indicated  in  the  accompauying 
dlagtaiD. 

The  interior  of  the  body  being  exposes),  it  is 
a  eomparatively  cany  matter  t«  cut  away  the 
flesh. 

Usually  this  can  be  done  without  disjointing 
any  of  the  legs,  and  it  is  better,  es^iecially  in 
small  specimens,  to  leave  them  attached  to  the 
body.  Beware,  however,  of  cutting  into  any 
bones,  as  they  are  frequently  soft  iu  texture 
aud  easily  damaged. 

SNAKES. 

Fto.    lO.-Sholl    of  a  Turtle 
tChnitniHi  otargiaala).     A  A, 

Snakes  require  very  little  care  in  their  prep-    wii«™™(«ii1iuum  iwiimdemr" 
aration  after  the  skin  has  been  leniovcd,  but  in 
the  larger  serpents,  such  as  boati  and  pythoiiK, 
rudimentary  hind  legs  are  present  and  should 
be  carefully  preserved. 

Externally  the  legs  appear  as  two  little  claws  ,/'^„,',^;~^''f^,y,  |°^"  fj-ti""! 
situated  on  either  side  of  tbe  vent;  internally 

they  are  slender  bones,  about  au  inch  aud  a  half  in  length,  loosely  at- 
ttiched  to  tbe  ribs. 

It  is  B  comparatively  easy  matter  to  preserve  both  tbe  skin  and  skel- 
eton of  any  good-sized  snake  by  exercising  a  Utllo  ptttience. 

l)o  not  try  to  skin  through  tbe  nioatli,  but  make  a  long  cut  on  the 
under  side  and  skin  either  way  from  it. 

Coil  up  the  skeleton  and  it  will  make  a  very  compact  bundle. 

CBOCODTLES. 

The  breastbone  of  crocodiles  extends  tbe  entire  length  of  the  boily, 
and  although  the  hinder  portion  of  it  is  not  attached  to  tbe  backbone, 
yet  great  care  is  necessary  in  disemboweling  not  to  cut  away  any  of  the 
slender  bones  of  wbicb  it  is  formed. 

There  are  also  cartilaginous  projections  on  the  ribs  which  should  not 
be  sliced  off  in  roughing  them  out. 


Fishes  vary  so  much  in  their  structure  that  it  is  a  difficult  matter  to 
giver  any  directions  for  preparing  their  skeletons  that  would  be  of  much 
service.  Almost  invariably  there  are  two  rows  of  ribs  present,  and 
these  extend  backward  for  some  distance. 

Proceed  slowly  and  carefully,  as  the  edge  of  tbe  8cal{>el  will  often  give 
notice  of  some  unsuspected  bone. 
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Be  especial!;  careful  about  the  beatl.  Th^re  is  a  chain  of  bunes  en- 
circliug  tbe  eye,  and  the  eyeball  itself  is  often  a  bony  cup. 

Oucasioually  there  are  two  or  three  bones  attached  to  the  back  part 
of  the  biuder  portion  of  the  head,  and  the  patch  of  flesh  on  the  cbeek 
is  abont  all  that  can  safely  be  removed. 

When  the  skeleton  is  bunff  up  to  dry  placM  bits  of  wood  or  other  ma- 
terial between  the  gills  so  that  the  air  may  circulate  freely  and  dry  them 
rapidly. 

Fishes,  small  reptiles,  aud  toa«ls  and  froRS  can  bo  best  cullecteil  by 
placing  them  in  alcohol. 


First  be  sure  that  a  skeleton,  and  cfi|>ecially  a  small  one,  is  thoroughly 
dry.    Otherwise  it  is  apt  to  *'  sweat"  aud  rot  the  ligaments. 
In  the  case  of  a  large  skeleton  thin  would  do  no  harm,  but  as  the  bones 


^ 
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of  Bmnll  animals  are  left  attached  to  ouoanothor  by  their  ligaments  and 
are  not  wired  together,  any  such  separation  causes  seriona  injury. 

If  the  BpeoimfRi  is  the  size  of  a  deer,  it  will  be  necessary  to  disjoint 
the  baokbOMdMtlMlWnd  the  rib»  in  onler  to  make  a  compact  bundle. 


fll3  PREPARATION   OF*   ROUGH   SKELETOlJS — ^LUCAS. 

* 

A  moose  or  baffalo  can  be  cat  ap  still  moro  by  separating  the  leg- 
bones  at  each  joint  and  making  several  sections  of  the  backbone. 

Oocasionally  it  is  necessary  to  reduce  a  skeleton  to  its  smallest  possi- 
ble dimensions,  and  then,  in  addition  to  the  above  measares,  the  breast- 
bone must  be  separated  from  the  ribs  by  catting  throagh  the  cartilage 
just  below  the  end  of  each  rib.  The  ribs  can  then  be  detached  from  the 
backbone,  and  thus  dismantled  a  good-sized  skeleton  can  be  packed  in 
a  flour  barrel.  Barrels,  it  may  be  remarked,  are  very  aseful  for  pack- 
ing parposes. 

Boxes  should  be  tight,  so  as  to  shut  out  hungry  dogs  and  prevent 
entirely  the  attacks  of  rats  and  mice.  I  have  frequently  seen  valuable 
skeletons  that  were  ruined  in  a  single  night  by  the  ravages  of  one  or 
two  rats. 

Care  should  also  be  taken  not  to  leave  boxes  open  over  niglit  while 
being  packed,  lest  mice  should  make  a  nest  in  the  packing  material  and 
be  shut  up  with  the  specimens. 

Straw  or  hay  is  the  best  packing  material,  but  Spanish  moss,  shav- 
ings, **  excelsior,'^  or  cocoa  fiber  will  serve  the  purpose.  Usually  but 
little  is  needed,  the  main  point  being  to  prevent  the  skeletons  or  loose 
bones  from  rattling  about. 

Beware  of  sea  weed  for  packing.  No  matter  how  dry  it  appears  to 
be,  it  contains  so  much  salt  as  to  become  wet  when  exposed  to  a  moist 
atmosphere. 

Never  put  alum  on  a  skeleton,  nor  soak  any  bones  in  a  solution  con- 
taining alum. 

In  hot,  moist  climates  it  is  occasionally  allowable  to  sprinkle  a  little 
t  salt  on  the  bones  of  a  large  animal  in  order  to  keep  the  flesh  from 
putrefying  instead  of  drying.  Some  aquatic  animals,  such  as  seals 
and  porpoises,  can  be  packed  in  sale  without  detriment  to  their  bones, 
a  fact  that  is  often  of  great  advantage  when  such  animals  are  collected 
on  shipboard,  where  it  is  often  difficult  or  even  impossible  to  dry  large 
skeletons. 

Small  skeletons  should  on  no  account  be  salted,  nor  should  large  ones 
be  boiled  to  remove  the  flesh. 
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INSTRUCTIONS  FOR  COLLECTING,  PREPARING.  AM)  PRESERV- 
ING BIRDS'  EGGS  AND  NESTS. 


By  Charles  Bendire, 

Honorary  Curator  of  /he  Department  of  Oology. 


Id  making  a  collection  of  nests  and  eggs,  it  .s  of  rhe  utmost  impor- 
tance that  the  identification  of  all  specimens  taken  shoald  be  absolutely 
correct.  The  only  sare  way  to  accomplish  this  is  to  secure  the  parent  at 
the  same  time.  This  should  at  least  be  done  with  all  the  less  known  and 
rarer  birds,  and  continued  until  the  collector  is  thoroughly  familiar  with 
the  breeding  habits,  nesting  sites,  and  eggs  of  the  species  in  question. 

Unless  the  would-be  collector  intends  to  make  an  especial  study  of 
oology  and  has  a  higher  aim  than  the  mere  desire  to  take  and  accu- 
mulate as  large  a  number  of  specimens  as  pos.sible  regardless  of  their 
proper  identification,  he  had  better  not  begin  at  all,  but  leave  the  nests 
and  eggs  of  our  birds  alone  and  undisturbed.  They  already  have  too 
many  enemies  to  contend  with,  without  adding  the  average  egg  collec- 
tor to  the  number.  The  mere  accumulation  of  specimens  is  the  least 
important  object  of  the  true  oologist.  His  principal  aim^  should  be  to 
make  careful  observations  on  the  habits^  call  notes,  song,  the  character 
of  the  food,  mode  and  length  of  incubation,  and  the  actions  of  the  species 
generally  from  the  beginning  of  the  mating  season  to  the  time  the  young 
are  able  to  leave  the  nest.  This  period  comprises  the  most  interesting 
and  instructive  part  of  the  life  history  of  our  birds. 

Do  not  start  in  with  the  idea  that  because  a  certain  species  may  be 
common  with  you  everything  must  consequently  already  be  known 
about  it,  and  that  your  observations  would  be  useless.  Kest  assured 
that  some  new  and  interesting  fact  can  still  be  learned  by  the  observant 
oologist  about  even  our  commonest  birds. 

A  small,  thoroughly  identified,  well  prepared,  and  neatly  cared  for 
collection,  even  if  only  a  local  one,  is  worth  far  more  scientifically  and 
in  every  other  way  than  a  more  extensive  one  obtained  by  exchange  or 
purchase.  One  of  the  most  important  matters  is  the  preparation  of 
the  specimens.  Eggs,  when  first  taken  and  before  blowing  them,  should 
as  far  as  practicable  have  all  stains  and  dirt  on  the  shells  wiped  or 
washed  oflf.  Care  must  be  taken,  however,  not  to  scrub  the  shell  too 
much  or  too  hard,  as  such  treatment  may  result  in  breaking  the  speci- 
men or  injury  to  the  coloring  matter,  which  in  many  species  is  not 
[3] 
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thoroughly  fixed  iu  a  fresh-laid  egg.  This  applies  especially  to  the  eggs 
of  many  game  birds  and  hawks,  as  well  as  to  others.  The  shells  of 
some  of  the  water  birds,  as  the  Pelicans,  Gannets,  and  Cormorants, 
are  covered  with  a  more  or  less  uneven  deposit  of  lime.  This  should 
not  be  scraped  or  scrubbed  ofif.  Especial  care  should  be  taken  to 
thoroughly  clean  all  white  eggs  both  inside  and  outside,  particularly 
those  of  Woodpeckers. 

Eggs  should  be  blown  or  emptied  through  a  single  small  hole  neatly 
drilled  on  one  side,  as  shown  in  the  figure  on  page  8.  It  is  well  to  com- 
mence making  this  hole  with  a  needle  and  finishing  it  with  an  egg  dnll, 
which  is  given  a  rotary  motion  between  the  thumb  and  forefinger.  In 
marked  or  spotted  eggs  the  poorest  or  least  marked  side  should  always 
be  selected  for  this  purpose.  Great  care  should  betaken  to  remove  the 
entire  contents.  # 

A  simple  blowpipe  and  a  few  different  sized  drills,  like  those  figured 
below,  which  may  be  obtained  at  any  natural-history  dealer's  establish- 
ment, are  all  the  implements  required  to  blow  an  egg. 


DriUs. 


Blowpipe. 


Embryo  book. 


Carved  pointed  scissora. 


Tweezers. 


Many  collectors  use  very  fine  glass  points  attached  to  a  rubber  bulb, 
others  use  an  instrument  manufactured  by  Mr.  E,  W.  Ellsworth,  of  East 
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Windsor  Rill,  Connecticut,  which,  although  somewhat  more  expensive, 
is  one  of  the  best  egg-blowers  known  to  me.  A  short  blowpipe  like  the 
above,  with  a  rubber  tube  about  3  feet  in  length  and  a  horn  mouth- 
piece attached,  makes  a  very  satisfactory  instrument  for  general  use. 

To  blow  an  egg. — Drill  a  small  hole  on  the  side  and  in  the  center  of 
the  eggj  insert  the  tip  of  the  blowpipe  for  a  very  short  distance,  and  re- 
move the  contents  as  far  as  this  can  readily  be  done.  In  fact  an  egg 
can  be  blown  without  inserting  the  point  at  all,  simply  holding  it  close 
up  to  the  hole  and  forcing  air  through  it.  Should  the  albumen  be 
thick  or  stringy,  and  not  run  out  freely  while  blowing  the  eggj  push 
aside  such  parts  as  may  be  forced  out  of  the  hole  with  the  end  of  the 
blowpipe  or  a  small  pair  of  forceps,  and  shake  the  egg ;  this  will  facili- 
tate matters.  Small  portions  of  the  albumen  and  yolk  of  the  egg  will 
usually  remain  in  the  shell,  and  this  is  best  removed  by  forcing  water  into 
the  egg  with  a  small  syringe,  holding  the  point  of  the  latter  over  the  hole 
and  an  inch  from  it.  This  will  always  allow  a  part  of  the  water  to 
enter.  When  about  half  full  shake  the  eggj  holding  it  between  the 
fingers,  and  then  blow  out  the  contents.  If  the  water  does  not  come 
out  perfectly  clear  repeat  the  process  until  it  does.  Eggs  that  have 
been  thoroughly  cleaned  will  retain  their  original  color  much  better, 
and  insects  or  mice  are  not  so  apt  to  injure  them.  After  the  egg  has 
been  cleaned  it  should  be  put  away,  hole  downward,  and  allowed  to 
drain.  The  best  material  to  place  an  egg  on  to  absorb  whatever  moist- 
ure may  remain  in  it  after  cleaning,  is  corn  meal.  Particles  of  this  sub- 
stance that  may  remain  sticking  about  the  hole  of  the  egg  are  easily 
removed  by  a  slight  touch  of  the  fingers.  I  find  coarse  corn  meal  to  be 
by  far  the  best  article  to  drain  eggs  on,  as  it  will  not  stick  tightly  and  is 
always  readily  removed ;  the  danger  of  chipping  small  pieces  of  the 
shell  around  the  edges  of  the  hole,  which  often  happens  where  blotting 
paper  or  fine  sawdust  are  used  for  this  purpose,  is  in  this  way  reduced 
to  a  minimum. 

In  cases  where  eggs  are  nearly  hatched  when  found,  excepting  very 
small  and  thin-shelled  ones,  which  beyond  a  certain  stage  can  not 
readily  be  saved,  and  should  not  under  such  circumstances  be  disturbed, 
drill  a  slightly  larger  hole  in  the  shell  and  puncture  or  lacerate  the 
embryo  with  a  needle  or  a  sharp  embryo  hook.  Care  must  be  taken 
not  to  run  the  instrument  through  the  opposite  side  of  the  egg.  Then 
try  to  force  out  such  of  the  contents,  consisting  of  fluid  portions  and 
parts  of  the  yolk,  which  have  not  been  entirely  absorbed  by  the  embryo. 
This  may  be  accomplished  either  by  the  blowpipe  or,  perhaps,  more 
readily  by  holding  the  point  of  a  small  syringe,  filled  with  water,  directly 
over  the  hole  and  about  an  inch  from  it,  and  forcing  a  steady  stream  of 
water  into  the  egg.  Never  insert  the  point  of  the  syringe  directly  in 
the  hole,  nnless  you  wish  to  burst  the  egg.  Do  not  attempt  to  force 
out  too  much  in  the  beginning.  After  getting  out  some  of  the  softer 
contents  of  the  egg,  fill  it  with  the  water,  wipe  it  dry  and  clean  and  put 
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the  specimen  80  treated  iu  a  covered  box,  in  which  you  liave  first  placed 
a  layer  of  corn  meal  about  an  inch  in  depth.  The  object  of  this  treat- 
ment is  to  allow  the  water  injected  to  come  in  contact  with  the  more 
tender  parts  of  the  embryo  and  to  accelerate  decomposition.  In  order 
to  remove  the  contents  throagh  a  small  hole,  these  mnst  be  allowed  to 
decompose.  A  strong  solution  of  Caustic  Potash  injected  as  before 
stated  accelerates  matters,  reducing  the  embryo  to  a  soft  soapy 
mass,  and  such  treatment  does  not  injure  the  shell  of  the  egg.  Next 
place  the  box,  after  closing  the  lid,  in  a  warm  place,  either  in  the 
sun  or  under  a  stove,  and  let  it  remain  undisturbed  for  about  48 
hours.  Eepeat  this  operation  two  or  three  times,  always  assisting 
the  removal  of  any  small  particles  which  may  be  forced  out  of  the  hole 
by  cutting  such  away  with  a  thin-bladed  pair  of  scissors;  curved 
pointed  ones  are  the  best  for  this  purpose.  Do  not  try  to  pull  the 
embryo  out,  nor  to  empty  the  egg  at  one  operation;  use  a  little 
patience,  and  in  this  manner  most  far-advanced  eggs  can  be  emptied 
through  a  reasonably  small  aperture.  The  egg  should  be  refilled 
with  fresh  water  after  each  operation.  Do  not  try  to  take  the  inner 
lining  of  the  shell  out,  in  case  it  becomes  detached  during  the  rotting 
process;  it  does  no  harm  by  remaining,  while  the  chances  are  that  you 
will  break  the  eggj  which  is  naturally  much  weakened  without  this 
skin,  if  yon  attempt  to  remove  it.  Occasionally  a  collector  may  obtain 
rare  unblown  specimens  in  which  the  contents  have  completely  dried 
up  and  hardened,  and  it  may  puzzle  him  how  to  empty  such  eggs.  Un- 
less they  contained  large  embryos  when  first  found,  or  when  abandoned 
by  the  parents,  they  may  easily  be  blown*  by  the  following  directions : 

Take  common  bicarbonate  of  soda,  dissolve  about  3  tablespoonfuls 
to  a  pint  of  water  and  simply  inject  this  solution  in  the  egg  and  treat 
as  previously  mentioned.  Repeat  this  once  or  twice  at  Intervals  of  48 
hours  and  you  will  probably  have  no  great  diflSculty  in  emptying  your 
specimens  through  a  moderately  small  hole,  and  the  shell  will  not  be 
injured  by  this  solution. 

In  blowing  small  and  delicate  eggs,  I  find  the  use  of  an  egg-holder  of 
considerable  assistance,  and  consider  this  mode  of  holding  a  small  egg 
much  safer  and  far  more  convenient  than  taking  the  specimen  between 
the  tips  of  the  fiugers.  To  make  one,  take  a  piece  of  thin  wire,  say 
from  6  to  8  inches  long,  bend  both  ends  in  the  shape  of  a  circular  loop 
of  the  required  size,  again  bend  the  wire  exactly  in  the  center,  so  that 
the  loops  face  each  other  somewhat  like  a  pair  of  sugar  tongs,  and  you 
have  a  holder.  The  wire  used  should  be  springy  and  elastic,  so  that 
it  will  readily  give  somewhat  and  hold  the  egg  securely,  but  not  too 
tightly  at  the  same  time.    Brass  wire  answers  the  purpose  very  well. 

It  is  always  preferable  to  blow  eggs  at  home,  or  after  returning  to 
camp.  You  have  usually  better  facilities  then  to  do  your  work  neatly 
than  in  the  field,  where  one  is  apt  to  be  in  a  hurry,  and  often  to  have 
no  water  to  rinse  the  inside  of  the  eggs  thoroughly  after  blowing  them. 
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This  is  positively  necessary  to  insare  good  clean  specimens.  I  found 
an  old  fiat  piece  oC  sponge,  say  about  2  inches  thick  by  from  4  to  6 
inches  wide  and  long,  placed  in  a  tin  basin  partly  filled  with  water  to 
soften  and  saturate  it,  very  handy  during  the  operation  of  blowing  eggs. 
The  sponge  forms  a  convenient  and  elastic  cushion  for  the  eggs  to  rest 
on,  while  I  injected  with  water  to  rinse  the  inside  thoroughly,  and 
should  one  drop  out  of  the  egg-holder  the  chance  of  breakage  is  small. 
The  coarse  kind  of  bathing  sponge  is  best,  lasts  for  years,  and  can 
easily  be  kept  clean  and  sweet. 

For  packing  unblown  eggs  while  out  in  the  field  1  find  small  boxes 
(cigar  boxes  will  answer  the  purpose  very  well),  fitted  with  different 
sized  subdivisions,  very  convenient.  Each  of  these  small  partitions  may 
be  lined  with  open  cylinders  made  of  blanket  or  heavy  cloth.  They  may 
be  from  2  to  4  inches  long,  according  to  the  depth  of  the  box,  and  from 
1  to  2  inches  in  diameter,  according  to  the  sizes  of  the  eggs  one  may  ex- 
pect to  find.  The  bottom  of  the  box  should  be  extra  well  lined  with 
either  sheet  cotton,  cloth,  or  blanket  cut  the  required  size  to  fit  this 
closely  all  around,  on  which  the  frame  forming  the  subdivisions  is  then 
placed.  A  piece  of  heavy  cloth  or  blanket,  cut  to  fit,  is  placed  on  the 
open  top  of  the  box,  or  it  may  be  glued  to  the  lid.  The  sides  of  the  differ- 
ent partitions  are  lined  by  the  cylinders  already  mentioned,  each  form- 
ing thus  a  little  compartment  of  its  own,  avoiding  all  pressure  from  the 
contents  of  the  others,  and  each  of  these  should  be  provided  with  some 
extra  cotton.  One  or  two  eggs  may  then  be  placed  in  each  cylinder, 
with  cotton  dn  top  and  between  them,  to  keep  them  from  moving  around, 
and  if  the  eggs  are  of  small  size  sets  of  four  may  be  placed  together, 
bnc  in  such  a  case  each  egg  must  be  wrapped  in  cotton  separately. 
Under  no  circumstances  should  the  eggs  be  put  in  loose,  with  the  shells 
touching  each  other.  Placed  in  this  way,  some  are  sure  to  be  either 
cracked  or  broken.  If  the  eggs  are  of  fair  size  more  than  two^should 
never  be  put  in  the  same  compartment,  as  their  combined  weight  might 
crush  the  lower  ones.  With  ordinary  care  and  packed  as  above  Irail 
and  unblown  eggs  will' nevertheless  stand  considerable  jolting. 

Many  rare  and  valuable  specimens  are  alap  lost  through  improper 
packing  when  sent  by  mail  or  express;  by  observing  the  following 
rules,  such  losses  may  be  to  a  great  extent  avoided.  Egg-shells,  even 
after  having  been  blown,  should  (during  transit,  at  least)  never  touch 
each  other.  Each  egg  should  be  wrapped  separately  in  cotton,  and 
they  should  not  be  packed  too  close.  In  sending  eggs  through  the 
mail,  they  should  be  packed  in  stout  wooden  boxes,  the  box  being  first 
lined  with  cotton  all  around  and  the  eggs  placed  in  afterwards,  rather 
loosely,  each  egg  wrapped  in  cotton  by  itself.  Tin  boxes  are  not  as 
good  as  wooden  ones.  Cigar  boxes  answer  well,  provided  they  are 
partitioned  off  through  the  middle,  to  prevent  the  lid  being  crushed  in 
on  top  of  the  eggs,  which  often  happens  where  this  precaution  is  not 
taken. 
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Each  setting,  clutcb,  or  the  fall  complement  of  eggs,  asually  called  a 
^^set,"  should  at  once  after  finding  them  be  marked,,  temporarily  at  least, 
so  that  in  case  several  sets  of  eggs  of  the  same  species  are  taken  at  the 
same  time,  each  individual  set  may  be  readily  separated  from  others  of 
the  same  kind. 

In  marking  eggs  permanently,  I  consider  the  following  a  good  way : 
Eggs  should  be  marked  with  a  soft  pencil  in  preference  to  anything  else, 
as  these  marks  can  always  be  washed  off  clean,  when  it  is  desirable  to  do 
so,  which  can  not  be  done  when  certain  inks  are  used.  A  good  way  is  to 
place  the  catalogue  number  of  the  eggs  on  one  side  of  the  hole,  and 
the  set  number  and  number  of  the  eggs  contained  in  the  set  on  oppo- 
site sides.  The  date  of  collecting  can,  if  desired,  be  placed  below,  and 
it  is  well  to  mark  this  on  at  least  one  egg  of  each  set  For  example,  I 
desire  to  mark  a  set  of  ten  eggs  of  the  Sora  Bail,  Porzana  carolijia 
(Linn.),  taken  June  14, 1890.  The  check  list  published  by  the  American 
Ornithologists  Union,  is  most  generally  used  at  present,  and  I  use  its 
numbers  in  this  case.  The  Sora  Bail  stands  number  214  on  this  list, 
and  I  mark  the  eggs  of  the  set  as  follows : 


Ko.  2U  is  the  A.  0.  U.  check  list  number  of  this  species.    No.  86  the  nmning  namber  of  the  Mt 
No.  10  indioatee  the  nmnber  of  eggs  in  the  set. 

and  the  numbers  below  the  hole,  which  need  only  be  put  on  a  single 
specimen  in  each  set,  indicate  the  date.  The  next  set  would  also  be  214 
if  of  the  same  species,  but  the  running  or  current  number  in  this  case 
would  be  87,  followed  below  by  the  number  of  ^ggs  the  set  contained. 
Aside  from  this  a  regular  record  should  be  kept  for  each  set  of  eggs 
taken. 

Many  collectors  use  regular  blank  forms  for  this  purpose,  which  are 
carefully  filed  away.  A  good  sample  of  such  a  blank  is  about  6  inches 
square,  printed  on  a  good  quality  of  paper,  and  these  may  be  kept  like 
the  card  catalogues  generally  in  use  in  libraries. 

These  blanks  may  be  printed  as  follows : 

Oological  oolleotion  of .    Current  No.  ^—, 

A.  O.  U.  check  list  No. .    Date  — n — . 

Name  \  Scientific . 

c  Common  . 


No.  of  eggs  in  set .    Set  mark 

Identification .    locabation- 

Locality . 
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Neat  diameter,  oatside, inches ;  inside, inches. 

Nest  depth,  oatside, inches ;  inside, inches. 

Nest  composed  of . 

Situation  of  nes* . 


No.  of  parent .    Collector 


On  a  blank  of  this  size,  everything  of  interest  can  be  readily  noted, 
using  the  reverse  side  also,  if  more  space  for  details  is  required. 

A  small  printed  blank  (those  used  in  the  U.  8.  Nat.  Museum  collection 
measure  2^  by  l^  inches,  but  can  be  made  still  smaller  if  desired)  should 
also  be  kept  with  each  set  of  eggs  in  addition  to  the  above. 

This  should  give  the  following  information : 

Oological  collection  of . 


Current  No.  .    Set  No. 

Scientific  name . 

Collector .    Date 


The  marks  on  both  blanks  should  correspond  with  those  on  the  set 
of  eggs  in  question. 

Aside  from  keeping  the  data  previously  mentioned,  it  is  well  to  keep 
a  regular  record  book  with  an  index,  in  which  to  note  down  anything 
of  interest  relating  to  every  species  observed,  such  as,  in  the  case  of 
migrant^  the  dates  of  their  first  arrival  in  the  spring,  the  date  when 
last  seen  in  the  fall,  the  localities  most  frequented  by  each  species,  their 
various  call  notes,  notes  of  alarm,  and  song,  the  contents  of  the  stomachs 
of  such  specimens  as  are  shot,  and  their  relative  abundance,  in  fact  every- 
thing of  general  interest.  Field  notes  should  be  written  on  one  side  of 
the  paper  only.  Unblown  eggs,  a  part  of  whose  shells  have  been  in- 
dented, may  be  rei^tored  to  their  natural  shape  by  first  drilling  a  hole  on 
the  same  side  of  the  egg,  where  the  injury  is  located,  but  a  little  distance 
away  from  this  if  possible.  Then  insert  the  blowpipe  in  the  hole  and 
force  air  gently  in  the  egg ;  as  soon  as  the  indentation  has  disappeared 
and  the  shell  has  taken  its  natural  shape,  take  a  camel's  hair  brush 
dipped  in  collodion  and  cover  the  injured  surface  of  the  egg  with  a  small 
quantity,  place  the  specimen  away  until  the  collodion  has  hardened, 
then  finish  blowing  it.  Eggs  which  have  been  cracked  before  blowing, 
or  during  the  process,  may  be  treated  in  the  same  manner,  as  well  as 
broken  specimens. 

The  best  way  to  collect  and  preserve  nests  is  not  to  detac;.  or  lift 
them  from  their  immediate  surroundings,  but  to  leave  them  in  their 
natural  positions,  cutting  off  the  branches,  if  placed  in  a  tree  or  shrub,  a 
coupleof  inches  or  more  above  and  below  the  nest.  In  this  way  they  can 
be  much  better  preserved  in  their  original  shape  and  are  less  Kable  to 
injury.  Nests  of  the  ground-building  species  should  have  a  thin  section 
of  the  sod  on  which  they  are  placed  taken  up  and  preserved  with  them. 
The  inner  cavity  of  each  nest  should  be  filled  with  a  ball  of  soft  paper, 
old  newspapers  answer  the  purpose  very  well,  or  old  cotton  wrapped 
in  tissue  paper  and  tied  in  place.    This  assists  materially  in  preserving 
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the  exact  contour  of  the  nest  mold,  especially  where  from  want  of  space 
a  number  are  packed  on  top  of  each  other.  Where  the  inner  lining  of 
nests  consists  principally  of  feathers  or  fur,  a  small  quantity  of  na[)h- 
thaline  should  be  sprinkled  among  them  to  keep  moths  and  insects  away ; 
otherwise  many  interesting  specimens  are  soon  destroyed  by  such 
pests.  The  nest  belonging  to  each  set  of  eggs  should  be  labeled  simi- 
larly and  the  label  attached  to  the  side  of  the  nest.  Many  collectors 
keep  each  set  of  eggs  in  the  respective  nests,  but,  unless  the  collection 
is  a  small  one  and  excellent  care  is  taken  of  it,  this  is  not  advisable,  as 
many  nests  are  more  or  less  damp  when  taken  and  are  apt  to  become 
moldy,  affecting  the  eggs  in  a  like  manner. 

It  is  not  the  intention  to  give  instructions  through  this  circular  just 
where  to  look  for  the  nests  of  our  birds.  An  observant  oologist  can 
soon  find  out  the  different  modes  of  nidlfication  by  watching  the  species 
found  in  his  vicinity. 
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DIRECTIONS  FOR  PRESERVING  SMALL  HERPETOLOGICAL 
SPECIMENS  IN  FORMALIN. 


By  Leonhard  Stejneger, 
Curator,  Divuion  of  Rattles  and  Batrathtans. 


The  formalin  should  be  diluted  by  the  addition  of  twenty  times  as  much 
water.  The  solution  should  be  tested  from  time  to  time  for  acidity  and,  if 
necessary,  neutralized  by  the  addition  of  a  small  quantity  of  bicarbonate  of 
soda. 

The  specimens  should  have  their  bellies  opened  with,  a  sharp  knife,  or 
scissors,  so  as  to  allow  the  fluid  to  enter  the  body  cavity,  or  injection  by 
means  of  a  hypodermic  syringe  may  be  employed  for  the  same  purpose 
without  opening  the  specimen. 

Afler  having  been  in  the  fluid  for  a  week  or  more,  the  specimens  can 
be  taken  out,  wrapped  in  cotton-wool,  soaked  in  the  fluid,  and  packed  in 
box  or  can.  The  box  should  be  tightly  wrapped  in  paper, 
so  as  to  prevent  evaporation  as  much  as  possible. 
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DIRECTIONS  FOR  COLLECTING  REPTILES  AND  BATRACHIANS 


By  Leonhard  Stejneger, 

Curator  of  the  Department  of  Reptiles  and  Batrachiam, 


ESTTRODnCTORY  NOTE. 

The  following  diiectious  are  prepared  for  the  use  of  collectors  who, 
withoat  being  herpetological  experts,  desire  to  procure  for  the  Maseum 
specimens  of  the  reptiles  and  batrachians  which  they  may  be  able  to 
gather  in  the  neighborhood  of  their  residence  or  while  traveling. 
Persons  who  devote  themselves  to  collecting  these  animals  exclusively 
are  but  rarely  met  with,  but  there  are  numerous  collectors  of  other 
objects  of  natural  history  who  would  be  willing  to  preserve  the  reptiles 
and  batrachians,  if  they  only  knew  how  to  do  it  in  the  easiest  and  most 
satisfactory  way.  Such  persons  have  usually  very  limited  space  and 
time  to  devote  to  this  branch  of  zoology,  a  circumstance  which  has 
been  taken  into  consideration  in  preparing  these  directions. 

The  herpetological  specialist  will  know  how  to  collect  better  than  1 
can  tell  him,  and  the  scientific  explorer  who  goes  into  distant  lands  far 
from  communication  with  the  civilized  world,  with  a  large  outfit  and 
for  a  protracted  period,  will  need  special  instructions  and  extensive 
apparatus  (soldering  outfit,  distilling  apparatus,  etc.),  which  can  be 
more  advantageously  prepared  in  each  individual  case. 

APPARATUS. 

The  following  articles  are  more  or  less  necessary  for  successfully  col- 
lecting reptiles  and  batrachians,  though  many  of  them  are  not  exclu- 
sively used  for  this  purpose.  By  checking  off  on  this  list  before  start- 
ing the  collector  may  at  once  know  whether  he  has  supplied  himself 
with  the  essential  means  of  collecting. 

1.  Gun  with  auxiliary  barrel,  or  collecting  pistol  (see  Directions  for 
Collecting  Birds,  pp.  7-9). 

2.  Dip  net. 

3.  Fishhooks  and  tackle. 

4.  A  pair  of  stout  leather  gloves. 

5.  Bags  of  cotton  cloth,  or  cheese  cloth  (see  page  9). 

6.  Fishing  basket,  or  botanical  collecting  box  of  tin. 
[3] 
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7.  Collecting  can  with  strap.  The  oiie-gallon  copper  cau  (described 
nnder  the  following  number)  with  two  loops  fastened  on  top  for  the 
insertion  of  the  strap  will  do  good  service. 

8.  Chest  of  tanks  filled  with  alcohol.  A  very  compact  and  handy 
outfit  is  figured  in  the  appended  out  (fig.  1).  It  consists  of  two  copper 
tanks  and  a  tin  case  inclosed  in  a  wooden  box.  The  latter  is  made  of 
half-inch  boards  and  measures  outside,  exclusive  of  strips,  length  13, 
width  12,  height  9^  inches.  The  hinges  are  fastened  Dn  the  inside,  and 
there  is  a  handle  on  the  top  of  the  lid  for  carrying.  It  is  locked  by 
means  of  a  brass  padlock.    The  larger  tank  measures,  outside,  9^  inches 


FiQ.  1.— Chest  of  tanks. 

long,  6|  inches  wide,  and  7§  inches  high,  and  holds  about  2  gallons  of 
alcohol;  the  smaller  holds  a  little  less  than  a  gallon,  with  the  follow- 
ing measurements:  length  8g,  width  3J,  and  height  8|  iuches.  Both 
have  brass  screw  tops  with  rubber  packing,  the  larger  with  an  opening 
4|  inches  in  diameter,  the  smaller  2^  inches.  To  lift  them  out  of  the 
box  the  larger  has  two  handles  on  top,  the  smaller  one  on  the  side. 
The  tin  box  has  the  following  dimensions:  Length  9 J,  width  8g,  height 
2|  inches,  and  should  also  have  a  handle.  In  the  box  is  room  enough 
for  the  hypodermic  syringe,  forceps,  notebook,  writing  materials,  labels, 
cheese  cloth  for  wrapping,  bags,  cotton,  eta  The  whole  outfit  when 
filled  weighs  only  40  pounds. 
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It  is  always  the  best  policy  to  use  the  best  quality  of  alcohol,  but 
when  this  cannot  be  had,  methylated  alcohol  will  do  for  temporary  use, 
at  least.  Even  native  whiskies,  brandy,  or  otlier  alcoholic  liquids  may 
be  used  in  cases  of  necessity,  if  of  sufficient  strength.  As  a  practical 
test  for  ascertaining  this  point,  it  may  be  said  that  an  alcoholic  liquid 
will  preserve  the  specimens  as  long  as  it  can  be  iguitcil  without  first 
being  heated. 

9.  Iron  bar  or  "key''  for  unscrewing  top  of  tanks. 

10.  One  pair  of  Bond's  placental  forceps,  12  inches  long 
(see  fig.  2).  Invaluable  in  the  field  both  for  picking  up 
specimens  and  for  handling  the  alcoholics.  In  the  field 
it  may  be  carried  conveniently  by  the  side  like  a  sword* 
I  found  one  of  the  buttonholes  of  my  suspenders  quite  the 
thing  for  this  purpose.     Price,  about  $2.50. 

11.  Long  spring  forceps,  not  less  than  8  inches  long,  for 
handling  alcoholics  (same  kind  as  described  in  Directions 
for  Collecting  Birds,  p.  11,  fig.  8). 

12.  Hypodermic  syringe  with  needle  point  for  iigecting 
alcohol  into  specimens  (see  fig.  3).  Its  capacity  should 
not  be  less  than  60  minims.  A  syringe  similar  to  the  one 
figured,  in  neat  case,  can  be  had  for  about  $3.  Those  in 
nickel-plated  metal  case  (the  ^^Pheniz,"  for  instance)  are 
to  be  preferred. 

13.  Stringed  labels  (see  fig.  5,  page  10). 

14.  Cheese  cloth  for  wrapping.  Use  only  white  cloth 
for  wrapping  as  any  dye  is  sure  to  be  extracted  by  the 
alcohol,  discoloring  the  specimens. 

15.  Knife,  or  scalpel,  and  a  pair  of  pointed  scissors  (see 
Directions  for  Collecting  Birds,  pp.  U-10). 

16.  Fine  metal  thread,  twine,  and  cotton  thread. 

17.  Note-book. 

18.  Ridgway's  '*  Nomenclature  of  Colors"  (see  page  9). 

19.  Adhesive  shipping  labels  (see  page  13). 


'0 


Fio.    2.~BoDd*s 
Forceps. 


Fig.  3.— Hypodermic  Syringe,  three-qnarter  natnral  si^ 
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GENERAL  REMARKS. 

1  wish  to  impress  apon  the  collector  that  one  well-labeled  and  well- 
preserved  specimen  is  worth  more  than  ten  mutilated  or  half  decom- 
posed specimens  without  labels.  A  man  who  is  not  willing  to  take 
the  trouble  of  properly  labeling  liis  specimens  need  not  go  to  the 
trouble  of  collecting  them,  for  in  our  days  s|)ecimens  without  data  as 
to  the  exact  locality,  at  least,  are  not  worth  the  alcohol  they  are  kept  in. 
Follow,  therefore,  explicitly  the  directions  relating  to  labeling  given 
farther  on. 

In  any  given  locality  try  to  collect  specimens  of  all  the  species 
occurring  there,  no  matter  whether  they  are  common  or  not,  and  in- 
variably preserve  the  first  specimen  of  any  species  whether  bad  or 
good.  But  do  not  be  satisfied  with  one  si>ecimen  of  each  kind ;  if  they 
are  not  too  large  try  to  get  at  least  six  specimens,  and,  if  any  kind 
shows  great  individual  variation'  or  you  happen  to  know  that  it  is  a 
rare  species  in  collections,  two  dozen  are  not  too  many. 

As  a  general  rule  the  largest  and  most  conspicuous  species  are  the 
least  interesting.  Small  and  insignificant  forms  of  secluded  habits, 
particularly  those  living  in  holes  or  burrows  in  the  ground,  are  most 
likely  to  be  novelties  or  great  desiderata  of  our  museum. 

If  you  can  not,  for  one  reason  or  another,  preserve  all  the  speci- 
mens you  are  able  to  procure,  make  your  selection  of  individuals  in 
the  following  way :  Of  the  largest  species  select  individuals  of  medium 
and  small  size ;  of  the  smallest  species  take  care  to  get  most  of  the 
largest  specimens.  Be  sure  that  the  individual  variation  exhibited 
among  the  specimens  caught  is  well  represented  in  the  series  selected. 

WHEN  AND  WHERE  TO  COLLECT. 

While  reptiles  and  batrachians  may  be  found  occasionally  at  any 
season,  spring  is  the  time  for  systematic  collecting,  the  beginning  of 
the  collecting  season  depending  of  course  upon  the  meteorologic  con- 
ditions. In  a  climate  not  too  severe  batrachians  may  be  looked  for 
on  the  first  mild  days  signaling  the  breaking  up  of  winter,  while  the 
reptiles^  as  a  rule,  require  warmer  weather  to  rouse  them  from  their 
hibernation. 

The  difierences  between  these  two  classes  manifest  themselves  not 
only  in  their  structure,  but  quite  as  much  in  their  habits,  and  their 
collecting  is  therefore  essentially  different.  The  batrachians,  gener- 
ally, prefer  dark  and  damp  places,  and  the  best  time  for  collecting 
them  is,  therefore,  very  early  in  the  morning  or  late  evenings.  Many 
of  them  will  be  found  in  dense  woods  or  swamps,  among  decaying 
leaves,  in  old  stumps,  under  fallen  logs  or  stones,  and  in  wet  moss, 
while  the  purely  aquatic  species  have  to  be  looked  for  in  springs, 
ponds,  rivers,  or  lakes. 
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Most  of  the  reptiles,  on  the  other  haud,  love  the  light  and  the  heat 
of  the  snn,  and  nsually  no  locality  famishes  more  species  and  speci* 
mens  than  the  hot  and  sandy  desert  or  the  snn-baked  rocks  on  the 
sonthem  slopes  of  a  monntainons  country,  though  in  the  tropics  the 
dense  forests  abound  with  their  own  particular  species.  The  aquatic  rep. 
tiles,  chiefly  snakes,  will  have  to  be  looked  for  in  their  own  element.  A 
number  of  reptiles  are  more  or  less  nocturnal  in  their  habits,  for  in- 
stance many  of  the  poisonous  snakes,  and  these  may  often  be  gathered 
in  numbers  on  warm  moonlight  nights.  A  fire  or  lantern  may  then  be 
used  to  advantage.  They  are  also  often  fiHitid  after  a  mild  thunder 
shower,  as  are  likewise,  many  of  the  inoffensive,  particularly  the  bur- 
rowing species. 

The  latter  are  nsually  the  most  interesting  as  well  as  the  rarest 
species  in  collections.  Special  care  should  therefore  be  taken  to  obtain 
as  many  of  them  as  possible,  and  the  collector  should  always  be  on  the 
lookout  whenever  any  digging  of  ditches  or  plowing  of  ground  goes 
on  in  bis  neighborhood. 

In  very  warm  and  dry  climates  the  best  time  for  collecting  reptiles  is 
just  after  the  first  summer  rain. 

SEOUKING  SPECIMENS. 

A  good  many  reptiles  and  batrachians  are  easily  enough  secured  by 
simply  picking  them  up  with  the  hand.  A  quick  grab  with  five  or  ten 
fingers,  as  the  case  may  be,  will  bring  many  others  in  the  collector's 
power,  though  sometimes  he  will  find  himself  the  possessor  of  only  the 
wriggling  tail,  while  the  rest  and  more  important  portion  of  the  lizard 
scampers  away  and  disappears  in  the  nearest  crevice.  But  other  ani- 
mals are  either  too  quick  in  their  movements,  or  they  are  too  shy,  or 
they  live  among  the  thorny  cactus,  or  in  the  water,  and  for  these  other 
means  of  capture  are  to  be  devised. 

The  latter  have  either  to  be  caught  with  line  and  hook,  baited  with  raw 
meat,  as  certain  turtles,  or  with  a  dip- net ;  but  as  to  the  others  I  know 
of  no  better  way  to  secure  them  than  to  shoot  them  with  the  .32  or  .22 
caliber  auxiliary  barrel  or  collecting  pistol,  or  to  catch  them  with  a 
slip-noose. 

As  to  the  arms  mentioned  I  refer  to  what  Mr.  B.  Bidgway  has  said 
in  the  Directions  for  Collecting  Birds,  with  the  only  addition  that  for 
shooting  reptiles  I  would  not  advise  the  use  of  ^^  wood  "  powder.  I  am 
not  thoroughly  satisfied  that  this  powder  is  reliable  under  all  circum- 
stances, and  the  greater  noise  of  the  black  powder  is  of  no  consequence 
in  this  kind  of  collecting.  The  latter  fouls  the  gun  more,  but  the 
auxiliary  barrel  is  so  easily  cleaned  that  but  little  is  gained  by  using 
"wood^  powder. 

Si>ecimen8  are  often  badly  mutilated  by  shooting,  but  more  specimens 
are  so  easily  obtained  in  this  than  in  any  other  way,  and  the  collector 
can  therefore  make  his  selection  for  preservation  from  a  greater  num- 
ber of  specimens. 


BULLETIN   39,    UNITED    STATES    NATIONAL   MUSEUM. 


[8] 


During  my  collecting  trip  in  Arizona,  in  1889,  most  of  the  lizards 
obtained  were  shot,  as  well  as  all  the  frogs.  The  latter  would  »\t 
motionless  along  the  border  of  the  river,  but  as  soon  as  they  caught  a 
glimpse  of  my  dip  net  they  jumjied  into  the  creek  and  immediately  dis- 
appeared in  its  muddy  waters,  and  not  until  I  learned  that  a  light 
charge  of  No.  12  shot  would  cause  them  to  turn  their  white  bellies  up 
without  even  a  kick  did  I  secure  a  specimen. 

Very  often  a  snake  or  lizard,  if  caught  alive,  will  turn  upon  its  captor 
and  bite  him  furiously;  but  with  the  exception  of  the  distinctly  venomous 
kinds  their  bite,  even  though  it  may  draw  blood,  will  cause  no  harm.  A 
stout  leather  glove  is  in  such  cases  of  great  service. 

The  poisonous  snakes,  of  course,  require  more  care  in  handling.  They 
may  either  be  shot,  or  if  it  is  preferred  to  capture  them  alive,  a  long 
stick  bifurcated  at  the  end  may  be  used  in  pinning  them  to  the  ground 
by  placing  the  fork  over  their  neck  just  behind  the  he.ad.  They  are 
also  sometimes  secured  by  spearing  with  a  long  stick,  to  the  end  of 
which  is  fastened  a  stout  fishhook  straightened  out  This  inst^meut 
may  also  be  found  usefiil  in  reaching  specimens  which  have  taken 
refuge  in  some  otherwise  inaccessible  place. 

Another  method  not  uncommonly  adopted  by  collectors  is  to  slip  a 
noose  over  the  head  of  the  unsuspecting  lizard  or  snake  as  illustrated 
by  fig.  4.    Formerly  a  noose  of  horsehair  was  considered  the  best 


Fio.  4.~C»tobing  Liuid  with  a  sUp-iiooaew 

for  small  animals,  but  Mr.  Benedict,  who  has  hod  a  good  deal  of 
experienee  in  collecting  reptiles  when  resident  naturalist  of  the  U.  S. 
Pish  Commission  steamer  AlbatroM^  has  demonstrated  to  me  the  superi- 
ority of  fine  annealed  iron  wire,  such  as  is  usually  sold  in  hardware 
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stores  wound  on  spools.  Various  sizes,  from  Nos.  22  to  34,  may  be  found 
useful^  the  larger  sizes  might  probably  be  quite  as  serviceable  if  of 
copi>er.  For  larger  snakes  a  noose  of  waxed  twine  will  be  found  to 
work  well  in  many  cases,  and  is  to  be  recommended  to  persons  who  are 
too  nervous  to  grab  a  live  .snake  with  an  unprotected  hand. 

The  noose  should  be  fastened  to  the  end  of  a  long  stick,  or  a  light 
switch,  as  the  case  may  require,  and  if  a  few  leaves  are  left  at  the  end 
so  much  the  better,  as  they  will  attract  the  reptile's  attention  from  the 
noose.  Slip  the  noose  gently  over  its  head  and  a  sharp  jerk  towards 
the  tail  will  usually  put  the  prize  in  your  possession. 

The  specimen  as  soon  as  secured  should  be  immediately  transferred 
to  one  of  the  small  cheese-cloth  bags  which  the  collector  carries  iu  his 
pockets.  A  good  supply  of  these  bags  of  various  sizes,  from  2x4  inches 
to  4 X 10  inches,  each  one  with  a  string  for  tying  it  up,  should  be  laid  in 
before  starting,  enough  to  average  one  bag  for  every  three  specimens. 
A  paper  label  with  the  exact  locality  written  in  lead  pencil  should  be 
slipped  into  the  bag  with  the  specimen.  If  the  collector  carries  with 
him  a  small  glass  or  metal  jar  with  alcohol  the  bag  with  the  specimen 
may  be  placed  in  it  at  once,  if  not  it  is  put  in  the  pocket  or  in  whatever 
receptacle  the  collector  carries  for  that  purpose.  I  have  found  a  medium- 
sized  fishing  basket  or  a  botanical  collecting  box  of  tin  to  answer  every 
purpose.  The  live  specimens  are  also  put  in  bags,  but  are  not  trans- 
ferred to  alcohol  until  the  day's  collecting  is  over. 

Frogs,  toads,  and  salamanders,  when  brought  in  alive,  should  be  kept 
moist  by  wetting  the  bag  occasionally  or  wrapping  it  in  wet  moss. 

TAKING  CAEB  OF  THE  SPECIMENS. 

Having  returned  to  his  quarters  the  collector  gets  ready  for  "curing" 
and  labeling  his  specimens,  attending  first  to  those  which  were  killed. 

The  blood  should  be  washed  ofif  in  water,  and  while  the  specimen  is 
soaking  there  is  time  for  making  the  necessary  entry  in  the  notebook 
and  for  preparing  the  label. 

The  entry  in  the  notebook  should  contain  (1)  the  running  number  of 
the  specimen ;  (2)  the  exact  locality  where  captured,  besides  county  and 
state ;  (3)  if  possible  the  altitude  above  sea;  (4)  the  character  of  the  soil 
and  vegetation  where  the  specimen  was  found,  whether  on  sand,  among 
rocks,  under  logs  or  stones,  in  holes,  in  a  swamp,  meadow,  desert,  forest 
of  pines  or  deciduous  trees,  among  sagebrush,  cactus,  or  any  other  obser- 
vations of  a  like  nature;  (5)  date  of  capture;  (6)  color  description  of 
fresh  specimen  (it  is  not  necessary  to  describe  the  pattern,  as  that  is 
usually  preserved  in  alcohol,  but  the  exact  shade  of  the  ground  color 
and  of  the  markings  should  be  carefully  determined  by  actual  compar- 
ison with  the  standards  in  Ridgway's  Nomenclature  of  Colors*) ;  (7)  local 
vernacular  name,  if  determinable  with  certainty ;  (8)  other  remarks. 


*  A  Nomenclature  of  Colors  for  Naturalists,  etc.,  by  Robert  Ridgway.   Boston  :  Little, 
Brown  &.  Co.,  1886. 
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From  the  entry  in  the  notebook  the  label  is  now  made  up.  The  most 
satisfactory  label  is  made  of  first  quality  strong  parchment  paper  and 
the  writing  should  be  done  either  with  a  No.  2  lead  pencil  or  with  good 
fluid  India  ink,  care  being  taken  in  the  latter  case  not  to  immerse  the 
label  in  alcohol  until  it  is  perfectly  dry.  It  saves  a  good  deal  of  work 
to  have  the  labels  printed,  cut,  and  stringed  before  starting  on  the  trip; 
the  printing  may  to  great  advantage  contain  the  general  locality  where 
the  collections  are  to  be  made  (as  for  instance  name  of  state  or  country) 
as  well  as  the  name  of  the  collector.  In  addition  to  the  exact  locality 
and  date  the  label  should  contain  the  collector's  running  notebook 
number.  On  the  back  may  be  written  such  additional  information  or 
notes  as  may  be  deemed  desirable.  A  label  of  good  size  and  shape  is 
shown  in  the  accompanying  cut  (fig.  5}  which  also  indicates  bow  to 
string  it. 


§ 
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Fio.  6.~Sample  label ;  natmal  aixe. 


In  tying  the  label  on  be  careful  not  to  fasten  it  tighter  than  necessary 
to  prevent  the  label  from  slipping  oflF.  Never  tie  a  label  round  the  neck 
of  a  specimen;  in  lizards  and  salamanders  fasten  it  roniid  the  body 
just  behind  the  fore  leg;  in  frogs  and  toads  in  front  of  the  hind  legs ; 
in  snakes  round  tbe  body  at  aboat  the  anterior  third ;  finally,  in  turtles 
tie  the  string  to  one  of  the  legs,  and  only  in  this  case  is  it  necessary  and 
permissible  to  draw  it  very  tight. 

Before  finally  placing  tbe  specimen  in  alcohol  the  preserving  fluid 
should  be  miule  to  outer  the  body  cavities,  as  tbe  specimens  are  almost 
sure  to  spoil  if  the  alcohol  is  only  allowed  to  act  on  the  outside.  To 
prevent  its  decomposition  from  the  inside  I  have  found  it  most  useful  to 
inject  a  quantity  of  strong  alcobol  by  means  of  a  hypodermic  syringe. 
The  point  of  the  lattt^r  is  run  down  the  throat  and  under  tbe  scales  into 
the  alimentary  canal,  in  one  or  more  places  according  to  size,  and  in 
large  specimens  it  will  be  found  advantageous  also  to  inject  alcobol  into 
the  larger  muscles.  In  1  bis  way  tbe  appearance  of  tbe  specimens  is  not 
injured  in  the  least  and  tbe  preservation  is  perfect.  If  a  syringe  is  not 
at  hand  the  abdominal  cavity  should  be  opened  with  a  pair  of  pointed 
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scissors  to  allow  the  flaid  to  enter;  by  this  process  snakes  should  be 
cat  open  in  several  places  along  the  middle  of  the  under  siile  across  the 
wide  ventral  plates,  the  so-called  gastrosteges.  Shonld  a  large  lump 
indicate  that  a  snake  contains  food*  not  yet  digested^  the  belly  should 
be  opened  and  the  contents  of  the  alimentary  canal  removed— or  pro- 
serv^  separately,  if  desired. 

Before  placing  turtles  in  alcohol  head  and  feet  should  be  drawn  out 
from  the  shell,  ttte  mouth  should  be  opened,  and  a  small  piece  of  wood 
placed  between  the  jaws  so  as  to  prevent  the  month  from  closing.  If 
the  months  of  lizards,  snakes,  salamanders,  and  frogs  can  be  kept  open 
without  injuring  their  teeth  so  much  the  better,  as  some  of  the  most 
important  systematic  characters  are  derived  from  the  dentition  and  the 
shape  of  the  tongue,  and  it  is  very  difiBcult  to  open  the  mouths  of  spec- 
imens which  have  become  hardened  in  alcohol.  A  wad  of  cotton  or 
paper  may  be  found  useful  for  this  purpose. 

The  specimen  is  now  ready  to  be  placed  in  alcohol^  the  only  really 
effective  and  reliable  preserving  fluid.  When  starting  out  the  collector 
should  provide  himself  with  alcohol  of  about  95  per  cent  strength,  but 
he  should  not  use  alcohol  of  this  strength.  The  full  strength  alcohol 
shonld  be  kept  in  stock  in  the  large  tank,  while  the  specimens  them- 
selves are  kept  in  the  smaller  tank  in  alcohol  of  about  75  per  cent. 
Bat  the  best  result  will  be  obtained,  if  the  collector  has  opportunity  to 
pat  his  specimens  in  still  weaker  alcohol  during  the  first  24  hours,  so 
as  to  allow  the  preservative  fluid  to  penetrate  the  tissues  thoroughly 
before  placing  them  in  the  75  per  cent  alcohol.  It  should  also  be 
remembered  that  this  strength  only  applies  to  reptiles,  as  50  to  60  per 
cent  alcohol  will  do  better  for  batrachians,  which  are  apt  to  shrivel  up 
entirely  in  too  strong  alcohoL 

If  the  specimens  can  remain  undisturbed  in  the  same  place  for  some 
time  no  further  precautions  are  necessary,  but  if  the  collector  is  travel- 
ing all  the  time  each  specimen  should  be  placed  separately  in  one  of 
the  cheese-cloth  bags,  so  as  to  prevent  it  from  being  rubbed  during 
transportation.  However,  quite  a  number  of  smooth-skinned  speci- 
mens, or  such  with  scales  which  do  not  come  off  easily  or  are  provided 
with  spines,  may  be  accommodated  in  one  bag.  In  default  of  bags  they 
may  be  wrapi>ed  in  cheese  doth,  mosquito  netting,  or  any  other  suitable 
material  at  hand. 

Specimens  brought  home  alive  may  be  sent  to  the  museum  in  that 
condition,  if  the  prospects  for  their  safe  arrival  are  favorable.  This 
will  be  found  especially  practicable  with  turtles,  which  can  usually  be 
kept  a  long  time  without  food.  If  the  specimens,  however,  are  to  be 
killed  this  can  best  be  done  by  drowning  them  in  strong  alcohoL  For 
that  purpose  they  should  be  placed  in  an  empty  vessel  and  the  alcohol 
poured  into  it  through  a  narrow  opening.  The  vessel  should  be  so  full 
as  to  exclude  every  particle  of  air  from  it  and  then  be  covered  up  to 
prevent  the  animal  from  breathing.  Even  with  these  precautions  some 
kinds  require  a  long  immersion  before  they  die. 
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The  above  directions  apply  chiefly  to  small  and  medium  sized  speci- 
mens which  can  be  accommodated  whole  in  an  ordinary  collector's  out- 
fit. He  will  occasionally,  however,  come  across  large  specimens,  which 
have  to  be  treated  in  a  different  way. 

Crocodiles,  alligators,  and  very  large  lizards  may  be  skinned  in  the 
same  niHuner  as  indicated  for  largo  mammals,  only  that  no  attempt  is 
made  at  removing  much  less  mutilating  the  skull.  The  crocodiles  and 
alligators  may  be  dried  or  saltedl^  while  the  lizard  skins  are  better 
placed  in  alcoholi,  in  which  case  the  entire  head  and  the  limbs  are  left 
in  the  skin. 

Snakes  too  large  to  be  preserved  in  alcohol  should  be  skinned  in  very 
much  the  same  manner.  After  having  noted  the  total  length  of  the 
specimen  carefully  in  the  note  book  make  a  longitudinal  section  along 
the  middle  line  of  the  entire  underside  firom  a  little  behind  the  head  to 
a  few  scales  from  the  anal  opening,  taking  great  care  not  to  injure  the 
last  scale  in  front  of  the  vent.  The  skin  is  now  removed  from  the  body 
by  gradually  loosening  it  on  each  side  from  the  cut  toward  the  median 
line  of  the  back.  The  body  is  cut  off  behind  the  skull,  and  a  little  in 
front  of  the  anal  opening,  and  the  tail,  like  the  head,  left  in  the  skin. 
Properly  labeled,  the  skin  is  then  placed  in  alcohol. 

For  skinning  chelonians  the  old ''  Smithsonian  Directions"  (Misc.  Coll. 
34)  contain  the  following : 

Turtles  and  tortoises  are  more  diflSonlt  to  prepare  in  this  way,  although  their  skin 
niug  can  be  done  quite  rapidly.  ''The  breastplate  must  be  separated  by  a  knife  or 
6  iw  from  the  back,  and,  when  the  viscera  and  fleshy  parts  have  been  removed,  re- 
stored to  its  position.  The  skin  of  the  head  and  nock  must  be  turned  inside  out  as 
far  as  the  head,  and  the  vertebrse  and  flesh  of  the  neck  should  be  detached  from  the 
head,  which,  after  being  freed  from  the  flesh,  the  brain,  and  the  tongue,  may  be  pre- 
served with  the  skin  of  the  neck.  In  skinning  the  legs  and  the  tail,  the  skin  must 
be  tnmed  inside  out,  and  the  flesh  having  been  removed  from  the  bones,  they  are  to 
be  returned  to  their  places  by  redrawing  the  skin  over  them,  first  winding  a  little 
cotton  or  tuw  aruuud  the  bones  to  prevent  the  skin  adhering  to  them  when  it  dries." — 
Richard  Owen. 

Another  way  of  preparing  these  reptiles  is  as  follows :  Make  two  incisions,  one  from 
the  anterior  end  of  the  breastplate  to  the  symphysis  of  the  lower  jaw,  and  another 
from  the  posterior  end  of  the  breastplate  to  the  vent  or  tip  of  the  tail ;  skin  off  these 
regions  and  remove  all  fleshy  parts  and  viscera  without  touching  the  breastplate  it- 
self; apply  the  preservative,  stuff,  and  sew  up  again  both  incisions. 

TRANSPORTING. 

The  collector  shoald  make  it  a  point  to  transmit  his  specimens  to  the 
museum  as  soon  and  a^  often  as  possible,  and  not  allow  them  to  accu- 
mulate on  his  hands  when  in  the  field. 

If  he  is  within  reach  of  a  United  States  post-office  the  question  of 
transportation  is  a  comparatively  easy  one.  His  specimens  after  an 
immersion  in  alcohol  of  one  to  two  weeks  duration,  according  to  size, 
will  be  found  hardened,  and  once  in  this  condition  they  will  stand  trans- 
portation in  a  nearly  dry  state  for  considerable  time. 

A  cigar  box,  an  old  tomato  can,  or  better  still,  an  empty  baking- 
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powder  caD,  auswers  the  purpose  very  well.  Take  some  cottOD  battingi 
soak  it  in  alcohol  and  sqneeze  it  nearly  dry ;  then  wrap  each  individ- 
ual specimen  up  and  pack  them  solidljj  in  the  box  or  caii;  when  the 
can  is  full  add  t^o  much  alcohol  as  the  contents  will  hold  without  drip- 
ping ^  wrap  the  parcel  in  several  thicknesses  of  strong  paper,  and  tie 
a  string  securely  around  the  whole ;  finally,  paste  on  a  Smithsonian 
frank  label,  which  will  be  supplied  upon  application,  and  the  package 
is  ready  for  the  mail  without  the  sender  having  to  go  to  any  expense 
for  postage. 

The  specimens  may  also  be  packed  in  their  original  cheese-cloth  bags 
or  wrappings,  in  which  case  it  will  only  be  necessary  to  fill  up  the 
vacant  space  with  cotton  saturated  with  alcohol. 

Specimens  thoroughly  cured  and  packed  in  this  way  will  arrive  at 
the  museum  in  good  shape  even  after  the  lapse  of  weeks.  They  can, 
therefore,  also  be  sent  from  foreign  countries,  not  too  remote,  through 
Express  Companies  with  but  little  risk  or  trouble.  It  is  doubtful  if 
they  could  be  sent  through  foreign  parcel  post  on  account  of  the  writ- 
ten labels. 

For  long  distance  transportation  it  may  be  necessary  to  employ 
sealed  tin  cans,  screw-top  collecting  tanks,  or  wooden  kegs,  which  will 
allow  the  use  of  more  alcohol.  But  even  in  this  case  the  specimens 
should  be  packed  dry  and  as  closely  as  possible  without  crowding,  and 
the  vessel  filled  entirely  so  as  to  admit  no  rubbing  of  the  contents.  If 
there  are  not  enough  specimens,  fill  the  vacant  space  with  cotton  or 
other  suitable  material,  being  careful  not  to  employ  any  from  which 
the  alcohol  will  extract  any  discoloring  matter ;  alcohol  is  then  poured 
in  until  all  vacant  space  is  filled,  and  the  vessel  sealed  hermetically. 
If  a  metal  vessel  is  used  it  should  be  inclosed  in  a  solid  wooden  box. 
Glass  jars  should  be  avoided,  if  possible,  as  too  liable  to  break. 

Finally,  to  sum  up  a  few  of  the  more  important  things  to  be  avoided — 

DanH  tie  a  label  around  the  neck  of  the  specimens. 

DonH  forget  to  give  the  alcohol  access  to  the  interior  of  the  speci- 
mens. 

DonH  slit  the  specimens  open  with  a  knife,  but,  if  you  have  no 
hypodermic  syringe,  use  pointe<l  scissors. 

DonH  forget  to  label  the  specimens  properly. 

DonH  wrap  the  specimens  in  dry  cotton,  but  soak  it  first  in  alcohol. 

DanH  use  glass  jars,  if  you  can  possibly  help  it. 

DonH  put  sealing  w^ax  on  the  cork. 

DanH  be  satisfied  with  one  specimen  of  a  kind,  if  more  can  be  ob- 
tained. 

DonH  let  your  hypodermic  syringe  dry  up;  keep  the  top  screw  tight 

with  ample  packing  between. 

O 
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INTRODUCTORY 


There  is  a  constant  demand,  especially  from  correspondents  of  the 
Musenm  and  also  of  the  Department  of  Agriculture,  for  information  as 
to  how  to  colhH!t,  preserve,  and  mount  insects.  There  is  also  great  need 
of  some  simjile  directions  on  a  great  many  other  points  connected  with 
the  proper  packing  of  insects  for  transmission  through  the  mails  or 
otherwise 5 labeling;  methods  of  rearing;  boxes  and  cabinets;  text-books, 
ete.  Interest  in  the  subject  of  entomology  has,  in  fact,  made  rapid  growth 
in  the  last  few  years,  an'd  now  that  nearly  every  State  has  an  official 
entomologist  cx)nnected  with  its  State  Agricultural  Experiment  Station, 
the  number  of  persons  interested  in  the  subject  may  be  expected  to 
increase  largely  in  the  near  future.  I  have  hitherto  nuule  use  of  the 
Smithsonian  Miscellaneous  Collections,  No.  201,  which  is  a  pamphlet  on 
collecting  and  i)reserving  insects  prepared  by  Dr.  A.  S.  Packard.  This 
is  out  of  print,  and  I  have  been  requested  by  Prof.  Goode  to  pre])are 
for  Bulletin  39,  U.  S.  N.  M.,  something  that  would  cover  the  whole 
ground  and  give  the  more  essential  information  needed  for  collectors 
and  students  of  insect  life.  I  have  deemed  it  unnexiessary  to  go  too 
much  into  detail,  but  have  studied  not  to  omit  anything  essential.  Cus- 
toms  and  methods  vary  in  different  countries  and  with  different  indi- 
viduals, but  the  recommendations  contained  in  the  following  pages  are 
based  upon  my  own  experience  and  that  of  my  assistants  and  many 
acquaintances,  and  embrace  the  methods  which  the  large  majority  of 
American  entomologists  have  found  most  satisfactory. 

Much  of  the  matter  is  rei>eated  bodily  from  the  directions  for  collect- 
ing and  i>reserving  insects  published  in  my  Fifth  Report  on  the  Insects 
of  Missimri  (1872)  and  quotations  not  otherwise  credited  are  from  that 
ReiK>rt.  The  illustratitms,  also,  when  not  otherwises  credited  or  not 
originally  made  for  this  paper,  are  from  my  previous  writings.  Some 
are  taken  from  Dr.  Packard's  ])amphlet,  already  mentioned;  others,  with 
the  permission  of  Assistant  Secretary  Willits,  from  the  publications  of 
the  Department  of  Agriculture,  while  a  number  have  been  especially 
made  for  the  occiision,  either  from  photographs,  or  from  drawings  by 
Miss  L.  Sullivan  or  Dr.  (ieo.  Marx  or  Mr.  C.  L.  Marlatt.  When 
enlarged,  the  natural  size  is  indicated  in  hair-line.  In  the  preparation 
of  the  pamphlet  I  have  had  the  assistance  of  Mr.  E.  A.  Schwarz,  and 
more  particularly  of  Mr.  i),  L.  Marlatt,  to  both  of  whom  I  desire  here  to 
express  my  obligations. 

0.  V.  K. 
[3]- 
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MANUAL  OF   INSTRUCTIONS  FOR   COLLECTING  AND  PRE- 
SERVING INSECTS. 


By  C.  V.  Riley, 
Honorary  Curator  of  the  Department  of  Insect h^  U,  S.  National  Museum, 


CHARACTERISTICS  OF  INSECTS. 

The  term  "insect''  comes  from  the  Latin  insectuniy  and  signifies  "cut 
into.^  It  expresses  one  of  the  prime  characteristics  of  this  cla«s  of 
animals,  namely,  that  of  segmentation.  This  feature  of  having  the 
body  divided  into  rings  or  segments  by  transverse  incisions  is  pos- 
sessed by  other  large  groups  of  animals,  and  was  considered  of  suffi- 
cient imi)ortance  by  Cuvier  to  lead  him,  in  his  system  of  classification, 
to  group  with  Insects,  under  the  general  term  Articulata,  Worms,  Crus- 
tacea, Spiders,  and  Myriopods.  Worms  differ  from  the  other  four  groups 
in  having  no  articulated  appendage^s,  and  in  having  a  soft  body- wall 
or  integument  instesid  of  a  dense  chitinous  covering,  and  are  separated 
as  a  special  class  Vermes,  The  other  four  groups  of  segmented  animals 
possess  in  common  the  feature  of  jointed  appendages  and  a  covering  of 
chitinous  plates,  and  are  brought  together  under  the  term  Arthropoda. 
The  division  of  the  body  into  a  series  of  segments  by  transverse  incis- 
ions, characteristic  of  i^hese  animals  and  these  only,  justifies  the  use  of 
Cuvier's  old  name.  Articulates,  as  this  segmented  feature  represents  a 
definite  relationship  and  a  natural  division — as  much  so  as  the  verte- 
bral column  in  Vertebrates.  The  Cuvierian  name  should  be  retained 
as  a  coordinate  of  Vertebrates,  Molluscs,  etc.,  and  the  terms  Vermes 
and  Ajrthropods  may  be  conveniently  used  ti>  designate  the  two  natural 
divisions  of  the  Articulates. 

The  term  "  insect ''  has  been  employed  by  authors  in  two  different 
senses— one  to  apply  to  the  tracheated  animals  or  those  that  breathe 
through  a  system  of  air  tubes  (tracheje),  comprising  Spiders,  Myrioi)ods, 
and  insects  proper  or  llexapods,*  and  the  other  in  its  restricted  sense 
as  applied  to  theHexapods  only.  To  avoid  confusion,  the  latter  signifi- 
cation only  should  be  used,  and  it  will  be  thus  used  in  this  article. 


*  From  the  Greek  f^^dnov^y  having  6  feet. 

PI 
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We  see,  tlien,  tliat  iiiatM'ts  share,  in  eoiiiuioii  witli  many  otli(»r  animals, 
the  jointed  or  articulated  structure.  Wherein,  then,  do  they  diiFerf 
Briefly^  in  having  the  body  divided  into  thirteen  joints  and  a  snbjoint^ 
including  the  head  as  a  joint,  and  in  tlie  adult  liavinjj  six  true,  jointed 
legs,  and  usually,  though  not  always,  wings.  The  five  classes  of 
Articulates  differ  from  each  other  in  the  number  of  legs  they  possess 
in  the  adult  form,  as  follows:  Hexapoda,  6  legs;  Arachnida,  8  legs; 
Crustacea,  10-14  legs;  Myria))oda,  more  than  14  legs;  Vermes,  none. 
This  system  holds  for  the  adult  form  only,  because  some  mites  (Arach- 
nida) when  young  have  only  (J  legs,  and  many  tme  insects  in  the  larva 
state  either  have  no  legs  at  all,  or  have  additional  abdominal  legs 
which  are  not  jointed,  but  membranous,  and  are  lost  in  the  perfect  or 
adult  state.    These  are  called  false  or  prolegs. 

It  will  serve  to  make  these  instructions  clear  if  I  at  once  explain 
that  the  life  of  an  insect  is  marked  by  four  distinct  states,  viz,  the 
Qg^^  the  larva,  the  pupa,  and  the  imago,  and  that  the  last  three  words 
will  constantly  recur.  We  have  no  English  equivalent  for  the  words 
larva  and  pupii,  for  while  some  authors  have  written  them  with  the 
terminal  e,  so  as  to  get  the  English  plural,  yet  ^'larves"  and  "pupes^ 
so  shock  the  ear  that  the  terms  have  not  been  (and  deserve  not  to  be) 
generally  adopted. 

We  have  seen  that  an  insect  in  the  final  state  has  six  true  legs. 
Yet  even  here  many  species  depart  from  the  rule,  as  there  are  many  in 
which  the  perfect  insect,  especially  in  the  female  sex,  is  apodous  or 
without  legs,  just  as  there  are  also  other  cases  where  they  are  without 
wings.  Sometimes  the  legs  seem  to  be  reduced  in  number  by  the  partial 
or  total  atroi)hy  of  one  or  the  other  pair,  but  in  all  these  exceptional 
cases  there  is  no  difficulty  in  realizing  that  we  have  to  deal  with  a  true 
insect,  because  of  the  other  characters  pertaining  to  the  class,  some 
of  which  it  will  be  well  to  allude  to. 

Insects  are  further  characterized  by  having  usually  three  distinct 
divisions  of  the  body,  viz. :  head,  thorax,  and  abdomen,  and  by  under- 
going certain  metamorphoses  or  transformations.  Now,  while  a  num- 
ber of  other  animals  outside  of  the  insect  world  go  through  similar 
transformations,  those  in  the  Crustacea  being  equally  remarkable,  yet, 
from  the  ease  with  which  they  are  observed  and  the  completeness  of  the 
transformations  in  most  insects,  the  metamorphoses  of  this  class  have, 
from  time  immemorial,  excited  the  greatest  curiosity. 

SCOPE  AND  IMPORTANCE  OF  ENTOMOLOGY. 

But  few  words  are  necessary  Xi)  indicate  the  importance  of  entomology, 
especially  to  the  farming  community;  for  while  insects  play  a  most 
important  jiart  in  the  economy  of  nature  and  furnish  us  some  valuable 
products  and  otherwise  do  us  a  great  deal  of  indirec^t  good,  yet  they  are 
chiefly  known  by  the  annoyances  they  cause  and  by  the  great  ii\iury 
they  do  to  our  crops  and  domestic  animals.     Hence  some  knowledge  of 
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insects  and  how  to  study  them  becomes  important,  almost  necessary, 
to  every  farmer. 

The  scope  of  the  science  may  best  be  indicated  by  a  statement  of  the 
number  of  species  existing,  as  compared  with  other  animals.  The 
omnipresence  of  insects  is  known  and  felt  by  all;  yet  few  have  any  ac- 
curate idea  of  the  actual  numbers  existing,  so  that  some  figures  will  not 
l>rove  uninteresting  in  this  connection.  Taking  the  lists  of  described 
species,  and  the  estimates  of  specialists  in  the  different  orders,  it  is  safe 
to  say  that  about  thirty  thousand  species  have  already  been  described 
from  North  America,  while  the  number  of  species  already  described  or 
to  be  described  in  the  Biologia  Centrali-Ameri(^ana,  i.  e.,  for  Central 
America,  foot  up  just  about  the  same  number,  Lord  Walsingham  hav- 
ing estimated  them  at  30,114  in  his  address  as  president  of  the  London 
Entomological  Society  two  years  ago,  neither  the  Orthoptera  nor  the 
I*^europtera  being  included  in  this  estimate.  By  way  of  contrast  the 
number  of  mammals,  birds,  and  reptiles  to  be  described  from  the  same 
region,  is  interesting.     It  foots  up  1,937,  as  follows: 

Mammals,  180;  birds,  1,600;  reptiles,  157. 

If  we  endevor  to  get  some  estimate  of  the  number  of  insects  that 
occur  in  the  whole  world,  the  most  satisfactory  estimates  will  be  found 
in  the  address  Just  alluded  to,  and  in  that  of  Dr.  David  Sharp  before  the 
same  society.  Linnaeus  knew  nearly  3,000  species,  of  which  more  than 
2,000  were  European  and  over  800  exotic.  The  estimate  of  Dr.  John  Day, 
in  1853,  of  the  number  of  species  on  the  globe,  was  250,000.  Dr.  Sharp's 
estimate  thirty  years  lat^r  was  between  500,000  and  1,000,000.  Sharp's 
and  Walsingham's  estimates  in  1889  reached  nearly  2,000,000,  and  the 
average  number  of  insects  annually  described  since  the  publi(*ation 
of  the  Zoological  Record,  deducting  8  per  cent  for  synonyms,  is  6,500 
species.  I  think  the  estimate  of  2,000,000  species  in  the  world  is  ex- 
tremely low,  and  if  we  take  into  consideration  the  fact  that  species 
have  been  best  worked  up  in  the  more  temperate  portions  of  the  globe, 
and  that  in  the  more  tropical  portions  a  vast  number  of  species  still 
remain  to  be  characterized  and  named,  and  if  we  take  further  into  con- 
sideration the  fact  that  many  portions  of  the  globe  are  yet  unexplored, 
entomologically,  that  even  in  the  best  worked  up  regions  by  far  the 
larger  portion  of  the  Micro- Hymenoptera  and  Micro-Diptera  remain 
absolutely  undescribed  in  our  collections,  and  have  been  but  very  par- 
tially collected,  it  will  be  safe  to  estimate  tliat  not  one-fifth  of  the 
species  extant  have  yet  been  characterized  or  enumerated.  In  tliis 
view  of  the  case  the  species  in  our  collections,  whether  described  or  un- 
described, do  not  represent  i)erhaps  more  than  one  fifth  of  the  whole. 
In  other  words,  to  say  that  there  are  10,00(),()00  species  of  insects  in 
the  world,  would  be,  in  my  judgment,  a  moderate  estimate. 
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CLASSIFICATION  OF  IIEXAPtmS. 

Seven  orders  of  iuaects  were  origiiiaUy  recoguized  by  Limifeas,  namely, 
Neuropteni,  Diptera,  Hemiptera,  Lepidoptera,  Coleoptera,  Hymenoptera, 
and  Aptera.  Tliia  classification  wa8  based  un  the  organn  of  flight  only, 
and  while  in  the  iiiuin  resulting  in  nataral  divisions  which  still  famish 
the  basis  of  more  modern  classiUcatinuB,  was  fiuilty  in  several  particu- 
lars. For  instance,  the  Aptera,  which  included  all  wingless  insects,  was 
soon  found  to  be  a  very  unnatural  iissemblage  andiU  components  were 
distributed  among  the  other  orders.  The  establishment  of  the  order 
Orthoptera  by  Olivier  to  include  a  large  and  well-defined  group  of  in- 
sects associated  with  the  Hemiptera  by  LinuEens,  restored  the  original 
seven  orders,  aitd  this  classification  lias,  in  the  main,  been  follower!  by 
entomologists  up  to  the  present  time. 

HinHOPTBBA,  lUm.  / 


«BTHOn 

RnfUxopU 

mUKOPTKI 


■nd  relative  nnk  or 
rH  of  TniMWU. 

All  insects  arc,  in  a  broad  way,  referabU^  to  one  or  the  other  of  these 
seven  primary  orders  by  the  structure  of  the  wings  and  the  character  of 
the  month-parts  in  the  imago,  aid  by  the  nature  of  their  transformations. 

Some  of  these  order.s  are  connected  by  aberrant  and  o.scnlant  families 
or  groups,  which  have  by  other  authors  been  variously  ranke<I  as  inde- 
pendent orders,  but  which,  following  WestwtKMl  substantially,  1  have 
considered,  for  convenien<ie,  as  suborders.  {i*«  Fiftli  Rci»ort,  Insects 
of  Missouri,  etc.,  1872.) 

lu  the  article  just  cited,  I  made  use  of  the  accompanying  diagram  in 
the  form  of  a  pyramid  (Fig.  I ),  which  gives  a  graphic  representation  of 
the  distinguishing  characters  and  the  i-elative  rank  as  usually  accepted, 
of  the  orders  and  suborders. 

Full  discussion  of  tlie  diderent  i-lassific^itions  is  unnecessary  in  this 
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coiiiieetion.  Authors  have  diff'ered  in  the  past  and  will  differ  in  the 
fiitiire  as  to  wliat  constitutes  a  natural  system,  and  it  would  require 
inauy  pages  to  give  even  a  brief*  survey  of  the  various  schemes  that 
have  been  proposed.  As  I  have  elsewhere  said,  "We  must  remember 
that  classifications  are  but  a  means  to  an  end — appliances  to  facilitate 
our  thouglit  and  study — and  that,  to  use  Spencer's  words,  'we  cannot, 
by  any  logical  dichotomies,  actually  express  relations  which  in  nature 
graduate  into  each  other  insensibly.' " 

The  most  philosophi(?al,  perhaps,  of  the  more  modern  systems  of  clas- 
sification is  that  of  Friedrich  Brauer,  who  has  carefully  studied  the 
subject,  and  has  given  us  an  arrangement  consisting  of  sixteen  orders. 
This  has  many  merits  and  has  been  adopted,  with  slight  modifications, 
by  Packard  in  his  "  Entomology  for  Beginners,"  and  by  Hyatt  and 
Arms  in  their  recent  and  valuable  text-book  ''Insecta."  Comstock, 
in  his  "Introduction  to  Entomology"  strongly  reconunends  Brauer's 
classification,  but  for  reasons  of  simplicity  and  convenience  atlheres  to 
a  modification  of  the  old  classification  of  Westwood. 

For  puri>oses  of  comparison  the  classification  by  Hyatt  and  Arms, 
which  is  substantially  that  of  Brauer,  may  be  introduced. 

In  linear  arrangement  it  is  as  follows : 
I.  Thysanura  (SpringtailSj  etc.). 
II.  EQiiemeTO^teTB>{Ephe^nerid(e;  May-flies).   (  =  Pl€ctopteraPiU'k.) 

III.  Odonata  {Libellulidw;  Dragon-flies). 

IV.  Plecoptera  {Perlidic;  Stone-flies). 

V.  Platyptera  {TermiteHj  Mallophaga^  etc.). 
VI.  Dermaptera  {Forficulidw;  Earwigs). 
VII.  Orthoptera  (Locusts,  Grasslioppers,  etc.). 
VIII.  Thysanoptera  ( T/f ri^VZ/f;  Fringe- wings). 
IX.  Hemiptera  (Bugs). 
X.  Coleoptera  (Beetles). 
XI.  J^envopter^  (Sialidw,  Hemerobiidw;  Lace- wings,  ete.). 
XII.  Mecoptera  (Panorpidw;  Scjorpion-flies). 

XIII.  Trichoptera  (Phrygatieidce;  Caddis-flies). 

XIV.  Lepidoptera  (Butterflies  and  Moths). 
XV.  Hymenoptera  (Bees,  Wasps,  etc.). 

XVI.  Diptera  (Two-winged  flies). 

The  relationship  of  these  orders  cannot  be  indicated  in  a  linear 
arrangement,  and  is  admirably  shown  by  Hyatt  and  Arms  by  means  of 
diagrams  which  I  reproduce  (Figs.  2,  3.) 
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The  relation  of  these  sixteen  orders  to  the  older,  septenary  scheme  is 
shown  by  the  following  arrangement: 

1.  Hymenoptera  . .  Hymenoptera  XV. 

2.  Goleoptera Coleoptera  X. 

3.  Lepidoptera Lepidoptera  XIV. 

(  Homoptera. 

4    HpmiTit^ri  I  Hemiptera IX \  Heteropt^ra. 

4.  Memiptera |  Thysanoptera  VIII. 

f  TrichQptera  XIIT 
Mecoptera  XII      }  Neuroptera. 
Neuroptera  XI 
PJatyptera  V 
Plecoptera  IV 
Odonata  III 
Ephemeropterall 
Thysanura  I 

It  will  be  seen  that  the  changes  are  not  so  great  as  would  at  first 
appear.  The  three  lAore  important  orders,  namely,  the  Hymenoptera, 
Coleoptera,  and  Lepidoptera,  remain  substantially  the  same  in  all  clas- 
sifications, and  so  with  the  three  orders  next  in  importance — the  Hem- 
iptera, Diptera,  and  Orthoptera.    All  that  has  been  done  with  these 


7.  Keuroptera 


< 


Pseudo-neuroptera. 


V 


Dusum  111 

Fio.  3.— Cro88  section  of  Fig.  2. 

three  has  been  to  rank  as  separate  orders  what  by  former  authors 
were  preferably  considered  as  either  families  or  suborders.  The  princi- 
pal change  is  in  the  Neuroptera,  of  which  no  less  than  eight  orders  have 
been  made.  This  is  not  to  be  wondered  at,  because  the  order,  as  for- 
merly construed,  was  conceded  to  be  that  which  represents  the  lowest 
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forms  iiml  more  syiitliKtic  tyiM-M  of  nise«its,  and  as  mu«Ii   necestuiril.v 
contained  forms  whicli  it  is  dlBieiilt  to  elaKsify  dtttiiiitcly. 

Ill  the  discussiou  of  tlie  cbaractiiristicB,  habits,  iiuiuber  of  specdes, 
aod  iinjwrtance  of  the  several  groups,  I  follow,  with  auvh  cliaiiges  EUt 
the  advances  in  t)ie  science  of  entomology  have  made  nttc^'ssary,  the 
arrangement  shown  in  Pig.  1. 

"Order  IIYMENOPTEKA  ('(>/"■;>•,  a  membrane;  nrc/."v,  wing).  Clear 
or  Membrane- winged  Flies:  Bees,  Wasps,  Ants,  Saw-flies,  etc.  Char- 
actenzed  by  haviug  four  membranous  wiuga  with  comparatively  few 
veius,  the  biud  part  suiaUest.  The  trausformatioDs  are  complete:  4.  e., 
the  larva  bears  no  resemblance  to  the  perfect  insect. 

"Some  of  the  inset^ts  of  this  ordi;r  are  highly  specialize*],  and  their 

mouth-parts  are  fittetl  both  for  biting  and  sucking,  and  in  this  resiiect 

they  connect  the  mandibulate  and  haustel- 

late  insd^ts.    The  common  Honey-boe  has 

this  complex  structure  of  tlie  month,  and  i  f 

the  editors  of  our  agi'i<^iiltural  papers  wouhl 

bear  the  fact  in  iiiind,  we  should  have  less  of 

the  nc'veireiiding  discussion  as  to  whether 

bees  are  capable  of  iujuring  Iniit  at  first 

hand.    The  tower  lip  (labium)  is  modified 

into  a  long  tongue,  sheathed  by  the  lower 

Jaws  {maxillte).  and  tliey  can  sip,  or,  more 

properly  speaking,  la))  ui>  nectar;  while  the 

apperjaw8{ma»'7tliu{(e),  though  not  generally  used  for  purposes  of  man- 

ducation,  are  fitted  for  biting  and  cutting.     The  llymenoptera  are  ter- 

Ktstrial,  there  csisfcing  only  a  very  few  degradt^,  swimming  forma. 

"This  onler  is  very  naturally  divide<Unto  two  Kections — tiieAouLEATA. 
and  Tbrrbrani'IA.    The  aeiileat«  Ilyinenoptcra,  or  Stingers,  cunipnse 


all  the  families  in  wlii(;li  tlie  abilomeu  in  the  female  is  armed  with  a  sting 
connected  witii  a  p>ison  re-nervoir,  and  may  be  considered  the  tyiucal 
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forai  of  the  osnler,  iucluding  all  ttie  Hocial  and  fossorial  species.    The 
insects  of  thia  section  must  be  coQBidered  esseatially  beneficial  to  man, 


Fia,  T.— A  Honi-tall.  Tnmai  eatun 
hoftd  of  jArTBk  front  Tier,  enlargeil ;  e. 
femal»-all  sUghUy  «>Urged. 

notwithstanding  the  occasional  sting  of  a  Imh;  or  wasp,  tlie  boring  of 
a  carpenter  bee,  or  the  importunities  of  the  omuipre»ent  ant.  Not  only 
do  they  fnmisli  nn  with  honey  and  wax,  but  they  play  so  important  a 
part  in  the  destnictioir  of  insecta  injurious  to  vegetation  that  they 
may  l>e  looked  njmn  as  (iMtl-apiHtintiHl  guanls  over  the  vegetal  king- 
dom— carrying  the  |>ollen  &om  plant  to  plant,  ami  insuring  the  fertiliza- 
tion of  ditBcious  species,  and  the  cross-fertilization  of  others ;  awl  being 
ever  reivdy  to  clear  them  of  herbivorous  worms  whic^h  gnaw  anrl  destniy. 
The  whole  section  is  well  characterized  by  the  uniformly  maggot-like 
natnre  of  the  larva.  The  transformations  are  com])lete,  hut  the  chitin- 
ous  larval  covering  is  often  so  very  thin  and  delicate  that  the  budding 
of  the  members,  or  gra<1nal  growth  of  the  pupa  undemeath,  is  quite 
plainly  visible,  and  the  skin  often  peels  off  in  delicate  flakes,  so  that 
the  transition  from  larva  to  pupa  is  not  so  tnarked  and  sudden  as  in 
those  insects  whiirli  have  thicker  skins. 

"The  terebrantine  Hymenoptera,  or  Piercers,  ai-o  again  divisible  into 
two  subsections:  first,  the  Entomophaga,  wliieh  are,  likewise,  with  the 
exception  of  a  few  gall-makers,  benelicial  to  man,  and  include  the 
liarasitic-  t^milies,  and  the  gall-flies;  se<^^ond,  the  Phytophaga,  com- 
priBing  the  Horn-tails  (Urocerida),  and  the  Saw-flies  {TenthredinidtB)y 
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all  uf  which  are  vegetable  feeders  in  thu  larval  Htalc,  tluiHo  of  the 
first  family  boring  into  trees,  and  those  of  the  second  either  feed- 
ing externally  on  leaves  or  iii- 
closed  Id  galls.  They  are  at 
once  distingnished  from  the 
other  Hyinenoptera  liy  tJie 
larvte  having  true  legs,  which, 
however,  in  the  ease  of  the  Horn- 
tailB,  are  very  small  and  cx- 
. — I — I  articidatt^.    The  larvai  of  many 

F.o.8.-s.wfly«.dL«T..  p,«(ik™  „™.«torto,.     Saw-flics  have,  besides,  prolegs, 
a.um^  ft.imago.wuah.  wliieh  are,  however,  al way 8  dis- 

tinguishable from  those  of  Lopidopterons  larv;e  by  being  more  numerous 
and  by  having  no  hooks. 

"Order  COLEOPTBBA  {«>W>-:,  a  «heath;  ure/,.;,,  wing).  Beetle**  op 
or  Shield- wiiigeil  Insects.  OharacteriKed  by  having  foni-  uings,  tho 
front  pall'  (called  elytra)  homy  or  leathery,  and 
usually  niiitM)  down  the  back  with  a  straight 
suture  when  at  rest,  the  hind  ones  membranous 
and  foldeil  up  under  the  elytra  when  at  rest. 
Transformations  eomplet«>. 

"Tfais  is  an  order  of  great  importance,  and 
in  the  vast  number  and  divei'sity  of  the  s)>e(ues 
comprised  in  it  outranks  any  of  the  others.    The 
ease  with  which  the  insects  of  this  order  are 
obtained  and  pi-eserved  make  it  one  of  the  most 
attractive  to  the  amateur,  and  beetles  artt,  per-     Fra. e.— a ciufer.  cmaipaim- 
haps,  of  all  insects,  the  beat  known  and  under-        ''"*"'■   (After  r»ck»rd.i 
stood  in  the  popular  mind.     For  the  Kame  reason  they  have,  in  the 
perfect  state,  received  most  attention  from  the  entomologists,  but  thetr 
transformations  and  preparatory  forms  yet  ofl'er  a  wide  and  inviting 


Flo.  10, — ALraiglflonif  AijMrda  eajidfda.    a,  larva;  b,  pufm;  e,  ImwiIi^. 

field  for  the  student.  The  simplest  and  best-known  classification  of  thn 
beetles  is  the  tarsal  system,  foundwl  (m  the  number  cff  joint**  to  the 
tarsi,  by  which  we  get  four  great  sections:  (L)  Pbntambba,  in  which 
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™r!i.jou,ted   »ml  the  two  posterior  tjomttd;   M,  Pa:<^>TBTl" 

msBA,  mft  apparently  only  font  jorats 

to  all  the  tarsi,  thongS,  in  teallty.  there 

i»  a  aith  penultimate  joint,  dinunntive 

and  eonceaW;    (41    PaEtTDO-TKDOnii, 

.itb  apparently  only  three  jointa  to  all 

the  tarsi.    This  system,  like  moat  others, 

is  not  iwrfeet,  as  theie  are  nnmerona  spe- 

cira  not  iH)sses»ing  five  Joints  to  the  tarsi 

belonging  to  the  hrst  seition;   and  for 

practiial  pntiwaes  beetles  may  he  very 

weU  arrangetl  aecording  to  habit.     We 

thus  get,  Srst,  the  ADEPHiOi,  or  eamlv-       

orons  s,«oies,  inelnding  all  th»ie  whieh       - -"-  ^,  ^  ^ 

prey  on  other  living  '-'"'^'fJ''^^^;,TZ%.-"<''''-,  seeond, 

f„,  ohvion,  reasons,  apphed  the  ™«f^^„'„^„^  „,„„ri.ii,g  those 
whiib  fe"l  on  rarriou,  dnng,  tiingi, 
and de<-aying  vegetation;  third,  the 
PHTTOPHAiiA,  enibraeing  all  those 
feeding  on  living  vegetation.  This 
arrangement  is  by  no  means  perfei't, 
for  there  are  beetles  whieh  are  ear- 
nivorona  in  the  larva  and  berbivor^ 
ou»  in  theiniago  state;  wllilo  some  of 
the  Xecbophaga  are  actnftlly  para- 
sitie.  Yet,  it  is  not  more  arHlieial  than  other,  which  have  been  p,-ol«.se<l. 
?hecari.i™i»a,  speci»s  broadly  speaking,  are  ^»^»7"- '  ,V",^, 
striking  exception  being  the  C«ccinellid«  (Ladybirds),  ^^<'^'  •"' 
pZJtHMerL.    Thecarrion-feedersare  al»»  Peatomerow;  but  veg 


nii.l3.— The Bogua PolalulwctK  I>oTHifiofn jtiBrtn.  n. 
tgft:  ft.  larsa ;«, b«'ile ;  d «ii'l ':  P""""' '*''''' "^''"'  ' 

etable-feedeisarefonnd  in  all  the  firsal  divisions,  '^'•«'l'l^l^i;;,^X"''Z 

letr„n,rra   are  the  in.iro  essentially  herbivorous,  nod «-.|n.nll,> 

most  ifyuriotw." 
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"Older  LEPIDOPTBUA  (Aticic,  a  scale;  ^rzpdv,  wiug).  Butterflies 
and  MotliH,  or  Kualy-wiugeil  injects.  CUaraeterizecl  by  liaving  four 
braiivUing- veined  menibrauuns  wiugg, 
oai-li  more  or  lent*  densely  covered  on 
both  siden  with  miuiite  imbricated 
84-al('H  which  are  attached  by  a  stalk, 
)>iit  which  easily  rub  off,  and  a]>peat 
t<)  the  unaided  eye  like  minute  particles 
of  glisteniqg  dust  or  powder.  Trans- 
Turmations  complete. 

"  Next  to  the  Lepidoptera,  the  Cole- 
iiptera  arc,  i>erhapH,  most  familiar  to 
Fio.  14.-A  B«twrHv  i'.«rt,  oi^ra^a.        *''«  popilai'  Mund.     Every  one  admires 
the   beauty  of  these   frail   creatures, 
dressed  in  eveiy  conceivable  pattern,  and  adorned  with  every  con- 
ceivable color,  HO  as  to  rival  the  deli(tate  ItiicH  of  the  rainbow,  and 
eclipse^  tlie  most  fantastic  and  elalHtrale  designs  of  man.     When  magni- 
fied, the  S(;ales,  to  uliich  this  beauty  of  pattern  and  color  is  entirely 
dne,  present  all  manner  of 
shai>ea,   acconliug   to   the 
particular    species  or   the 
particular  part  of  the  iudi- 
viduiv]  from  which  they  are 
taken.     Accordhig  to  Lew- 
cidim-ck,  there  are  4tW,WM 
of  thcHC  m;aies  on  the  wing 
of  the  (»>iiinion  silk-wonn. 

"  The  transformiitions  of  ^,,„  ,,  _^^  s,.hii>Ei,i.  A«,p.M«»»  -w™- 

tliese  hiseets  are  complete, 

and  the  changes  are.  nsnatly  so  sudden  iind  striking  as  to  have  ext-ited 
the  wonder  and  adinii-:<troM  of  observers  IVnni  enrhest  tinu'S. 

"The  more  eoinmon  form  of  the  larva  is  e\;im|»led  in  the  ortlinary 
cat*'n)illar— jie.vlindrieal  worm  with  a  head,  1  welvc .joints  and  asnb-joint; 
six  thoi-iicie  or  true  legs,  four  abdominal 
and  two  anal  laolegs.  But  fhei-e  is  » 
great  viiiiety  of  these  larvae,  some  hav- 
ing no  legs  whatever,  some  having  only 
tlie  Jointed  legs,  and  others  having  either 
fonr,  six,  eighl,  or  ten,  but  never  more 
than  ten  pnilegs.  With  few  exevptioDS 
they  are  all  vegetable-feeders,  and  "with 
still  ttewer  exceptions,  terrestrial.  The  perfect  insects  make  free  use  of 
their  ample  wings,  hut  walk  litth'j  and  their  legs  are  we«k,  and  not 
modifieil  in  the  various  ways  si>  nothiejdde  in  otlier  onlers,  while  the 
front  pair  in  some  hnttei-ilies  are  impotent. 
"A«  an  order  this  must  be  4HHisidercd  the  mo.st  injurious  of  the  seven. 
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"A  convenient  systetii  or  clitHsiflcntiitii  for  Mm  Tjv|iid<>]iUT)i>  is  based  on 
thestrucf  lire  of  tlie  iiiiteniiii«.    By  it  we  gut  two  great  Bectiou» :  Ist,  Bat- 

tcrftieB  (Rhopalogb-  . . 

EA);  2d,  Moths  (Het- 
kbocBBA),  wLich  lat- 
ter may  again  be  di- 
vide<l    into  Crepuwrn- 

lar    and   Koctiiiual  ^^ 

Moths.      Butterflies  J^ 

iffe  at  once  diKtiii- 
gnished  &om  moths 
by  their  antennae  be- 
ing straight,  stiff  and 

htobbed,  and  by  being  ^">- "  -*  '^""''^'"C^rTi.n":!^^'""'"'  °"  """*'  *' 
day-fliers  or  diurnal; 

while  moths  have  the  ant«uuie  tajiering  to  a  iioint,  and  are,  for  the 
most  part,  night-flyers  or  uwitamal.  The  crepuscular  motlis,  i^otnposexl 
mostly  of  the  Sphinges  or  Hawk-moths,  Imver  over  floweis  »t  eve,  and 
connect  the  two  sections  not  only  in  habit,  but  in  the  character  of  the 
antenna;  which  first  thicken  toward  the  end,  and  then  suddenly  termi- 
nate in  a  iMjint  or  hook. 

"  Order  HEMIPTERA  (r,/ii,  half;  icrepiv,  wing),  Bugs.  The  insects  of 
this  order  are  naturally  separatetl  into  two  great  sec- 
tions; Ist,  Half-winged  Bugs,  or  Heteeoptkra  (;rt/i»e 
different;  irn/iuK,  wing)  having  the  basal  half  of  the 
front  wings  (called  kemelytra)  coriaveoim  or  leathery, 
while  the  apical  part  is  nicmhranoas.  The  wings 
cross  flatly  over  the  back  when  at  rest;  2d,  Whole- 
Pio  18 -a  pilnt      "inged   Bugs,  or  Homoptbra   (up.d';,   equal;    j!Tcp6v, 

bDgi£«KAiti>>(        ^'iiig)i  having  all    four    wings  of   a   uniform  mem- 
pmetipr4).  branoua  nature  and  folding  straight  down  the  back 

when  at  rest.  The  latter,  if  separated,  may  be  looked  upon  -.m  a  Sub- 
order. 

"Transformations  incomplete;  i.  e.,  the  larvie  and  pupte  have  more  or 
less  the  image  of  tlic  perfect  insect,  and  differ 
little  from  it  except  in  lacking  wings. 

"The  genuine  or  lialf-wiuged  Bugs  (Figs. 
18  and  19)  are  usually  flattened  in  form, 
when  mature;  though  mor^  rounded  in  the 
adoleaceut  stages.  They  may  be  divided 
into  Land  Bugs  (Anrocorim)  and  Water 
Bags  (HydrocoHsa).  Tlic  si>ecies  of  the  first 
division  very  generally  possess  the  power 
of  emitting,  when  disturbe<l  or  alarmeil,  nUrim).  j.  beak  miarEed. 
a  nauseous,  bed-buggy  odor,  whicli  conies  from  a  fluid  secreted 
2564 2 
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Fio.  20.— A  Tree-hop. 

per  (Cereta  hnbahti).  a, 

ftidr;  6,  top  viow. 


from  two  iM)res,  situated  on  the  under  side  of  the  uietatliorax.     Such 

well-known  insects  as  the  Bed-bug  and  Chinch-bug 
bcdong  here.  The  habits  of  the  species  are  varied, 
and  while  some  are  beneficial,  otliers  are  quite  injuri- 
ous to  man. 

"The  WTiole- winged  Bugs  (Figs.  20  and  21),  on  the 
contrary,  are  all  plant-feeders,  and  with  the  excep- 
tion of  a  f<nv,  such  as  the  Cochineal  and  Lac  ftisects, 
are  injurious.  The  secretion  of  a  white,  or  bluish, 
waxy,  or  farinose  substance  from  the  surface  of  the  body  is  as  charac- 
teristic of  this  section  as  the 
nauseous  odor  is  of  thd  first. 
It  fonns  three  natural  divi 
sions,  arranged  according  to 
the  number  of  joints  to  the 
tarsi — namely  Trimera,  with 
three  joints;  Dimeha,  with 
two  joints,  and  Monomera, 
with  one  joint  to  the  tarsi." 

Suborder  Thysanoptera 
(»56<?avo?,  a  fringe;  r.ztpov^ 
wing):  This  suborder  con- 
tains the  single  family  Thri- 
^/c?<r,  which  comprises  minute 
insects  commcmly  known  as 
Thrips,  and  of  which  a  ccmimon  species,  Thriptt  Mtriatm,  is  shown  in 
the  ac<:ompanying  figure.  (See  Fig.  22.)  They  bear  strong  relations 
to  both  the  Pseudoneuroptera  and  the  Hemijjtera  and  by  later  writ- 
ers are  generally  asscndateil  with  the  latter  order.  They  feed  on  plants, 
puncturing  and  killing  the  leaves,  or  on  other  plant- feeding  species  of 
their  own  class,  and  are  characterized  by  having  narrow  wings  crossed 

on  the  back  when  at  rest,  and 
beautifully  fringed,  from  which  lat- 
ter feature  the  name  of  the  suborder 
is  derived. 

The  mouth  parts  are  i»eculiar  in 
that  they  are  intermediate  in  fonn 
between  the  sucking  beak  of  He- 
miptera  and  the  biting  mouth  parts 
of  other  insects. 

Their  ei:;^^  resemble  those  ot 
llemiptera;  the  larvae  and  pupae 
are  active,  and  in  form  resemble 
the  adult,  except  in  the  absence  of  wings.  Some  species,  also,  are  wing- 
less in  the  adult  stage. 


Fio.  21. — A  Plant-louse {Schizonrura  lanigera).  a.  infeAU'*! 
root;  6,  larva;  e,  winged  inswt;  d-<t.  partH  of  perfwt 
insiHt  eulargiMl. 


/  << 


/y-. 


Fig.  22.— I%np«  iiriaixu,  with  winga  enlarj;<'«l 

at  sidt'. 
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The  |>ii]iEB  are  somewhat  uhig^ish  iiml  the  Hiuhs  and  wiugs  are  en- 
vlused  ill  a  thin  membrane  whti-}i  in  expanded  about  the  feet  into  bulb- 
out*  eiilaifiemeut^,  giving  rise  to  tlio  name  "bladder- footed"  {Phyno- 
IKxla)  apphed  to  these  inseetu  by  Bnrmeister, 

"Order  DIPTEItA  («!>,  twice;  jrTe/<.l.,  wing)  oi'  Two-winged  Fhes. 
The  only  order  having  but  two  wings,  the  hind  pair  leplaeed  by  a  pair 
of  small,  slender  filanieiits  clublHHl  at 
tip,  iiud  called  halteres,  poiuers,  or  bal- 
ancers. 

"No  order  Kuri>!iHseii  this  in  the 
number  of  si)ecie8  or  in  the  immetise 
swarniK  of  iudividuals  belonging  to 
the  same  species  which  are  irerineiitly 
met  with.  The  wiugs,  which  are  vari- 
ously veined,  though  appearing  naked  -J^ 
to  the  unaided  eye,  are  often  thickly 
covere<l  with  very  miiuite  hairs  or 
hooks.  A«  an  order  the  Diptera  arc 
decidedly  injurious  to  man,  whether 
we  eonsider  the  annoyances   to   our- 

Melves  or  our  animals  of  the  Mos<mito,  Biifiiilo-gnat,  Gad  lly,  Breeze-fly, 
Ziiiib  or    St^mioxys,   or  the   injur}"   t^i   our 
cmps  of  the  Hessian -fly,  Wheat- midge,  Cab- 
bage-niaggot,  Onion-maggot,  etc.    Tliei-e  are, 
hi  fact,  but  two  families,  Syrphida^  and  Tachi- 
nidie,  wliich  can  be  hKiked  iiiwrn  as  beneficial 
to  the  cnltivat^u",  though  many  act  the  \VAtt 
of  st-avengers.     Xo   insects,   not  eVen   the 
Lepidoptei-a,  f'uinish  such  a  variety  of  curi- 
ous larval  chanu^ttM's,   and   none,   perhaps, 
offer  a  wi<ler  or  more  interesting  field  of  iii- 
Fio,  ;i.-A  eavikHj- (Eroi  ia,.    vcstigiitioii  to  the  biologist.     It  is  diStcutt 
u^l shown Ht*»iii'°""     'P'""'     to  give  I'liy  very  satisfactory  arrangement 
of  these  Two-winged  flies,  though  theyejisity 
fall  into  two  rather  artifleial  swtions.     These  are:  lst,^]!:MOCBBA,or 
those    with    long    antennn>,   having 
more  than  six  joints,  and  i)alpi  hav- 
ing four  or  five  joints     The  imjta  is 
naked,  as  in   the  Lepidoptera,  with 
the  limbs  exposed.      This    kind  of 
pui>a  is  called  ohteeted.    2d,  BBAcno- 
(TEBA,  or  those  with  short  antennie, 

not  baviug  more  than  three  distinct        ,-ar.  laraanm.  <.,  Un-n;  6,7i"iinrinm-  T 
joints,  and   palpi   with   one  or   t  wo        "^"^  '"""■'  "''ti  ""'"gwi  rnfi* 
joints.     The  papa  is  mostly  coaretatu,  i 


(!.,  is  formed  within,  and  more 
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or  less  uonijilptcly  <iinin'itvil  witli,  tl»>  bardenutl  and  uhniuken  ekia of 

thit  larva. 
"Tbe  inoKt  atiunialuiis  of  tlu^  I>i)it«r.i  are  the  Koi'est-tiieH  and  Sheep- 

ti<;kK   {JiipptilntHritlw).    Tlu-y  have  a  tiiiruy  au<l   tlatbened  body,  and 

i-CHeiiilile  lUre  ill  thi'ir  paraaitiu  habits,  bving  beneath  the  hair  of  bats 

aud  bin)s.  Thciv  mode  of  develcipmcnt  lias  always  attracted  the  attea- 
tioii  of  cutomologists.  The  larvje 
are  batched  in  the  abodmen  6f  the 
female,  whieh  is  capable  of  disten- 
tion. There  it  remains  and,  after 
a»sumiiig  the  pupa  state,  is  depos- 
it^id  in  tlie  form  of  a  short,  white, 
epg-like  object,  without  trace  of  ar- 
ticulation, and  Dearly  as  large  as 
the  alKlonien  of  the  female  fly. 
Closiily  allied  to  these  are  the  Bat- 
ticks  {NyctvriUAtE),  which  possess 
neither  wings  nor  balancers,  and 

Flo. 20.-Tiifi simp  Boi ('E.irmoiur).  1,  J,  Hi.-,    i-vmiud  oue  strougly  of  spiders. 
,i.iii«mnTii,  ,o,aii.   ,  nrv.r ..r -. ~,  "lu  thls order  w6  uiay also placc 

certain  winglc«!<  lice  (such  as  ItrauJa  <a'Crt,  Nitasch),  which  infests  the 

Honey-bee  in  Euntpe,  northern  Africa,  and  westeiii  Asia,  but  which 

has  not  yet  been  detected  in  this  country. 

"Suborder  Ai'DANlPTERA  (afi^iji,  iuconspicnons;  nrtpAv,  wing)  or 

Fleas,  comprising  the  sin 

gle  family  I'ulicidjc,  now 

placed  with  the  Diptera. 

Everylxtdy  i.s  sup|Mised  to 

be  familiar  with  the  a]i- 

pearance  of  the  Flea — its 

bloodthirsty  pnipensities 

aud     amazing     muscular 

power;  and  while  every- 
one  may   not   have    the 

leisure  and  means  to  es- 

I>erience  the  exhilarating 

influence  of  the  chase  after  larger  animals,  there  is  no  one — be  he  never 

HO  humble — who  may  not  indulge  in  the  hunt  after  thiis  smaller  game! 

In  pla4;e  of  wings  the  flea  has  four  small,  scaly  plates.     The  minute 

eggs — about  a  dozen  to  each  female — are  laid  in  obscure  places,  such 

as  the  4Taeks  of  a  floor,  tbe  hair  of  rugs,  etc.,  aud  the  larva  is  worm 

like  and  feeds  upon  whatever  animal  matter — as  grease  and  blood — or 

decaying  vegetable  matter  it  can  find. 


—A  Flea  (i'ulal.    {From  Fackitnl.) 
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"Order   Oethoptbha  (■!/>&"<;,  straight;  rrepuv,  wing),  or  Straight- 
winged   IiisectK.    Characterized   by  having  the    front   winga  (called 


Flu.  28.— a  ImosI  iAtridnim 


tegmina)  straight  nad  usually  ntirrow,  pergauieueous  or  parclimeiit-like, 
thickly  veined,  and  overlapping 
at  tips  when  closed;  the  hind 
wings  large  and  folding  loiigi 
tndinally  like  a  fan.  Transfor- 
mations incomplete. 

"The  insects  of  this  order 
have  a  lengthened  body  anri 
very  robust  jaws,  with  a  corre- 
spondingly large  head.  The 
leg»  are  strong,  and  fashioned 
either  for  grasping,  nmiiing, 
climbiDg,  jumping,  or  burrow- 
ing. As  in  the  other  onlers, 
where  the  transformations  are 

incomplete,  the  young  differ  little  from  the  parent,  except  iu  the  want 
of  wings;  and  in  many  instances  eveu  this  difference  does  not  exist,  as 


Q,  20 ATreeertcket 


Fid.  30.— The  Crolon  Bag  or  GernUD  Cockroach  {Phyaedt 
■tBfn;  'i  third  utage;  d,  fourth  stages  r,  iilalli/,  aclul 
A,  adnlv  wllb  aiuga  spnud— all  naturgJ  elieuxceiitg 


there  are  nnmerous  species  wlii  'h  never  acquire  wing.s.    There  are  no 
aquatic  Orttaoptera.     Some  are  inmivoroiis,  others  carnivorous,  bat 
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most  of  them  lierbivoroiis.  Tliey  form  four  distinct  seetioiis:  Ist, 
CUEKORiA,  Ooekroathes ;  2d,  KAFTATOBiA,Maiit€B;  ."id,  Ambulatokia, 
Wnlkiiif^stioks;  4tli,  Saltatokia,  Orickets,  Crrassliopiiers,  and  Lo- 
custs. 

"Suborder  Dbbmapteba"  ('J^/)/ia,  skin;  xrepdv,  wing),  or  "Earwigs, 

consisting  of  the  .single  family  Forficulidfe,  which  may  be  placed  with 

the  Ortliopteru,    They  are  rare  insects  with 

118,  but  very  coiomon  in  Euroije,  wliere  there 

prevails  a  superstition  that  they 

get  into  the  ear  and  cause  all 

sorts  of  trouble.   The  front  wings 

are  small  and  leathery;  the  bind 

F[Q,»i.-HinJwiiiK«fKarwiK.     oucs  have  the  fomi  of  aquadrant, 

and  look  like  a  fan  when  o]>ened ; 

and  the  cliaracteriatic  feature  is  a  pair  of  forceps-like 

api>end»ges  at  the  end  of  the  body,  best  deveh>ped  in 

the  males.     They  are  uoefcurnal  in  habit,  hiding  during 

the  day  in  any  Available  i-eccss.     Tim  femnle  lajs   her    '„j™  ,1^77 

eggs  in  the  ground,  and  singularly  enough,  bn>odK  over         Packard  j 

them  and  over  her  young,  the  latter  cn>wding  under  her  like  chicks 

under  a  hen." 

"OnlerSEmiOI'TRUA(.wp«v,  nerve;  a^r.Y«.,wing),or Nerve-winged 
insects.  Chai-aeterized  by  having  the  wings  reticulate  with  numerous 
veins  so  ns  to  look  like 
net- work.  The  order 
forms  two  natural  divis- 
ions, the  first  inclndiiig 
nil  those  which  undergo 
a  com]>Iete,  and  the  sec- 
ond, called  Pseudo-neu- 
ropteni  (Dictyotoptera, 
B  u  1-  m  e  i  s  t  e  r ) ,  those 
wliicli  undergo  an  in- 
complete II  letanior  pilo- 
sis.   •     •     •     Tlie  in- 

Fig.  33-A  nra,..«.«,-  (L«,H.,„  ,n..,^^,„,.    ,r>™  P«k»i.,      """'^t^  "*"  «"«   «'^l*'''  '"■«' 

aa  a  whole,  more  lowly 
organized,  and  more  generally  aquatic,  than  either  of  the  others.  A 
natural  arrangement  of  them  is  difficult  on  account  of  their  degraila- 
tional  cluiractcr.  They  present  forms  which  ai-e  synthetic!  and  closely- 
approiu-h  tlie  other  orders,  and  the  evolutionist  naturally  looks  upon 
tlioni  as  ftirnishing  an  idea  of  what  the  archetypal  forms  of  our  jiresent 
inaecrts  may  have  been.    They  are,  i»s  a  rule,  large  and  sluggish,  with 

'Kuplesoptera  uf  aome  aulbora  frum  ev,  well ;  ttAc^u,  folded,  rofeiriuK  to  the  folded 
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the  bcMly  imrtts  soft  iind  little  »peciaIizod,  ftud  the  muHcles  weak.  Their 
Te[u;uuH  are  fouod  in  the  Devonian  and  CarbouiferuiiH  deposits. 

"They  are  mostly  carnivorous,  and  witli  the  exception  of  the  White- 
aut^  and  4»'i't(iiu  Book-1ii'«  they  none  of  tlieiu  att'oct  man  injuriously, 
while  some  are  ({uite  beneficial." 

The'flrstdivision  of  this  order,  or  the  Neuroptera  proper,  chanieterized 
by  having  incomplete  niotaniorphoses,  may  be  {-onsidei-ed  under  the 
three  following  Huborders: 

"Suborder  Tbichoptbra  (fl/x'f,  hair;  irre^oHv,  winn),  or  (iaddis-flies, 
conttiining  the  single  family  PhryganeidiW,  and  plai-ed  with  the  Neurop- 
tera, though  l>earing  great 
afBnities  with  the  liepidop- 
tera.  Every  good  disciple 
of  "Walton  and  lover  of  the 
"gentle  art"  knows  the 
value  of  the  Caddis-fly,  or 
Water -moth,  as  bait.  These 
fliea  very  nineh  resemble 
certain  small  moths,  the 
scaler  on  the  wings  of  the 

latter  being  replaced  in  the  • 

former  with  simple  hairs.  Fm,„._c,«idi-.dj,  i«rv»«.,ii,-™.  (F™»p«ciurt.) 
Tiio  larva-  live  in  the  water 

and  inhabit  silken  cases,  whit^h  are  usually  (cylindrical  and  <<)vered 
with  various  suhstvmces,  siecording  to  the  species,  or  Hk;  nmterial  most 
conveniently  obt^iined  by  the  iu<lividual." 

Suborder  Mecoptbra  [;i?«"c,  length ;  -Tet.i'<:  wing).  This  suborder 
includes  a  peculiar  group  of  insects,  the  most  striking'  cha  met  eristics 
of  which  are  the  month-i)arts,  which  are  i)ro- 
longed  into  a  rostnim  or  besik.  The  winga 
are  long  and  iiarniw,  and  ot  nearly  efinal  size. 
Ttie  abdomen  of  tlie  male  is  constri<-ted  near 
its  posterior  end  and  terminates  in  long  clasp- 
ing organs  from  which  these  inseicts  obtain  the 
common  name  of  Scorjnon-tlies. 
'^''■*'"i^™'i^"k^T°""'"  '^'"'  larva^of  one  genus  {t'inu.r]xt)  are  re- 
markable for  their  great  rescniblanie  t()  the 
larvse  of  Lepidoptera.  They  have,  liowever,  eight  jniirs  of  abdominal 
legs.  The  habits  of  thewe  insects  are  not  well  known,  Imt  they  are  sup- 
pose^l  to  be  genemlly  preda<:eouM. 

Suborder  Nbi'roptbka.  This  group  as  i-estrieted  by  modern  au- 
thors is  a  small  one,  including  the  liu'gest  s]>ecie.s,  as  in  the  lleltgram- 
mite,  the  Lace-wing  Flies,  the  Aut-lions,  and  the  Mantispas  repi-esent- 
ing  the  families,  Kiiilidie  and  Memerobiidie,  witli  their  subfamilies.  The 
first  includes  the  so-called  Hellgrammite  Fly  (Corydalug  eomutm),  one 


As  Ant-lion  (Vfri-mWeoR).  (From  rKkard-l 
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of  our  largoi^t  aud  iiiu»t  rttrikiug  iiiseuta,  the  larvii;  of  which  is  kuowii  tis 
Dobsonsbyauglers,  aud  is  aquatic  aud  caniivorous  in  habit.    The  Ueme- 
robiidiB  is  a  large  family,  com- 
prising,  as  a    rale,  delicate 
inaecte    with    rather   ample 
gauzy  wingM.     The  larvte  are 
predaceouH.    The    common 
Lace- wing  fliea  are  among  our 
most    beneficial    insects,  de- 
stroj-iiig  plant-lice  and  other 
soft-brolicd   Hi>ecie8.    To  the 
same  family  Iwlongs  the  Ant-lion  {Myrmeleon),  the  larvie  of  which  have 
the  curious  habit  of  constructing 
a  fiuiuel-ahai>ed  burrow   in  the 
sand,  in  the  bottom  of  which  they 
conceal  themselves  and  wait  for 
any   soft-bodied    insects    which 
may  fall  into  the  trap.   This  fam- 
ily also   iuclndes   the 
f     peculiar  Mantis-like  in- 
sects belonging  to  the 
genus  Mantiitpa.      As  in  the  true  Mantis,  the  prothorax  of 
tliese  inaectH  ia  greatly  elongated  and  the  first  pair  of  legs 
are  fitted  for  grasping.    The  larva; 
are  parasitic  in  the  egg-sacs  of  cer- 
""'■        tain   large   spiders  (genera  Licosa, 
Dolomeden,  etc.),  and   undergo  a  remarkable 
change  in  form  after  the  flrst  molt.     In  the 
first  stage  the  larvie  are  very  agile,  with  slen- 
der bodies  and  long  legs.     After  molting  the 
body  betronies  much  swollen  and  the  legs  are    p,g   so— jfoniia™''^ 
much  shortened,  as  ara  also  the  autenme,  the  ~ 

head  becoming  snuvll  and  the  gcnenil  appearance  reminding  one  of  the 
larva  of  a  bee. 

The  second  section  of  the  Neuroptera,  characterized  by  complete 
metamorphosis,  comprises  the  following  suborders: 

Suborder  Plattptbra  [niaTu^,  flat;  mepov,  wing).  Under  this  nead 
are  grouped  the  White-ants  {Termitida),  the  Bird-lice  ^J/ttltopfto^aj, 
and  the  Book-mites  (PHwidw).  The  suborder  receives  its  name  from 
the  fact  that  in  the  ca-st;  of  the  winged  forms  the  wings,  when  at  rest, 
are  usually  laid  flat  upon  the  back  of  the  insect.  The  Mallopliagn,  or 
Bird-lice,  are  dogradal  wingless  instwts,  and  are  panvsitic  chiefly  on 
birds,  but  also  on  mammals.  In  shape  of  body  and  character  of  the 
month-parts  they  are  most  nearly  allied  to  the  Psoeidie.  The  latter 
fkmily  includes  both  winged  and  wingless  forms,  the  Book -mites  be- 
longing to  the  latter  category.     The  winged  forms  may  l>e  illustrated 


MynneleoJ 
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by  thf  (NJtiiiiiiiii  species,  Fmwm  vi-Homm  (see  Fig.  40).  The,  legH  and 
aiiliMitm;  are  long  and  sleuder  iiiid  the  wiiigS  are  folded  ruof-Iike  over 
the  body  when  the  insect  ia  jit  rp^t.  They  feeil  on  lichenis  and  dry 
vegetation. 

Tlie  Terniitidie  are  represented  in  thi« 
country  by  the  Wliite-ant  [Temiea  Jtaripcs), 
which  i«  frequently  so  deHtruetive  to  wood- 
work, hooks,  etc.  The  tenn  Whit«-aiit  aji- 
pUe<l  to  the»e  insectts  is  nnfurtnnate,  ns  in 
stnictnre  they  ar<!  widely  separated  liinn 
auts  and  resemble  them  only  in  geneiiil  ttp- 

pearance  and  aI«o  in  their  s(H-ial  liabitM.  I'm.  w.— /-Bwut  iinio««.  iPram 
Like  the  ants  they  live  in  colonies  anil  have 

a  Dumber  of  distinct  fomiH,  as  winged  mid  mngleRS,  males  and  females, 
au<l  workers  and  soldiers. 

Sulwrder  PLt:coPTERA  (-^eit.;,-,  plaited;  -rs^-ly,  wing).  Closely  allied 
to  the  latter  suborder  is  the  anborder  Plecoptera,  whieh  includes  the 
single  family  Perlidie  or  Stone- 
flies,  Tlie  larva;  and  pnpie  of 
these  insects  are  aquatic,  being 
often  found  under  stones  in 
water,  whence  the  name.  The 
adnlts  are  long,  flattened  in- 
sects, with  long  autennif..  The 
wings  are  ample  and  are  some- 
what fcdded  or  plaited,  from 
whicli  ctiai'iwt4-r  the  sulMutler 
takes  its  name. 

Suborder    Odonata    (".»<./if, 
tooth),    Tlus  iiiclndfs  tin-  Drag- 
"""    on-flies  or  Libelluliihi',  the  most 
common  and  the  best  known  of 
the  N«!un»ptera.    Tlie  larva  mid  the  active  jnipa  or  nymph  are  aipnttie 
and  are  i»re«liweou.s,  as  is  al.so  the  ndnit,     A  common  sjH'cies  is  repre- 
sented at  Fig,  .33. 

The 8uln>nlerEpHF.MEEopTKRA(^f^Vup«v,a day-fly;  irrc/'"-, wing) com- 
prises the  May-flies,  or  Epliemeridie  (see  Fig,  42). 
Thpse  insw^ts  are  very  fragile  and  arc  offen  at 
tra^'.ted  in  enormous  numbers  to  electric  lights, 
Tliey  have  large  front  wings,  while  tbe  hind  wings 
are  small,  rudimentjiry,  or  \^'iinting.  They  are  fur- 
nished with  two  or  three  very  h>ng,  Jointed,  threa<l- 
like  caudal  appendages.  The  larval  and  njTnplial 
stiiges  ani  i>ass<^d  in  the  water  and  aquatic  vi'geta- 
tion  famishes  the  food,  although  some  species  nmy  Km.42._A  Mayfly  {Pnia 
be  predaceous.  The  iwlults  hnw  very  rudimentsiry        ™Fn™iC^Sd^r 
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mouths  and  eat  nothing;  their  term  of  life  is  also  very  limitecl,  not 

exceeding  2-4  days. 
Suborder  Thysanuba  {ed<favo<;^  tassel;  oopd^   tail).     This    suborder 

comprises  minute,  degraded  insects  commonly  known  as  Spring-tails, 

Bristle-tails,  Fish-moths,  Snow-fleas,  etc.  They 
occur  in  damp  situations  and  also  infest  books, 
wall-paper,  et<5.,  eating  the  starch  paste  in  the 
l)ook-bindings,  or  beneath  the  wall  paper.  They 
comprise  very  primitive  forms  and  are  inter- 
esting because  they  are  sui)i>osed  to  represent 
the  original  stock  from  which  the  higher  orders 
of  insects  have  sprung.  They  are  wingless, 
usually  with  simple  eyes,  and  clothed  with 
scales,  and  undergo  no  metamorphosis.  Some 
of  them,  as  the  Fish-moth  (Lepistna  sp.),  run 
very  rapidly  and  are  furnished  at  the  end   of 

TiQ.^.—{L<^H9ma4'»eriata).    the  body  with  a  number  of  long  bristle-s.    In 
(Aft^r  Packard.)  other  forms  these    anal  bristles  or  stylets  are 

united  at  the  base  and  bent  under  the  body  and  be<K)me  a  powerful 

jumping  organ,  giving  them  the  very  appropriate  name  of  Spring-tails. 

COLLECTIKG. 

General  Considerations. — "  Few  departments  of  natural  history 
offer  greater  inducements  or  facilities  to  the  student  than  Entomology. 
He  need  not  pass  his  threshold  for  material,  for  it  may  be  found  on  every 
hand  and  at  all  seasons.  The  directions  for  collecting,  prcvserving,  and 
studying  insects  might  be  extended  indefinitely  in  detail,  as  volumes 
have  already  been  written  on  the  subject;  but  the  more  general  and 
important  instructions  are  soon  given. 

"  Beginners  are  very  apt  to  supply  themselves  with  all  sorts  of  appli- 
ances advertised  by  natural  history  furnishing  stores.  Many  of  these 
appliances,  when  it  comes  to  real,  practical  field-work,  are  soon  aban- 
doned as  useless  incumbrances;  and  the  greater  the  experience,  the 
simpler  will  be  the  paraphernalia.  My  own  equipment,  on  a  collecting 
trip,  consists  chiefly  of  a  cotton  umbrella,  a  strong  and  narrow  steel 
trowel  or  digger,  a  haversack  slung  across  the  shoulders,  a  cigar  box 
lined,  with  sheet  cork,  and  a  small  knapsack  attached  to  a  waistbelt 
which  girts  a  coat,  not  of  many  colors,  but  of  many  pockets,  so  made  that 
in  stooping  nothing  falls  out  of  them.  The  umbrella  is  one  of  the  indis- 
pensables.  It  shields,  when  necessary,  from  old  Sol's  scorching  rays  and 
from  the  pelting,  drenching  storm;  brings  within  reach,  by  its  hooked 
handle,  many  a  larva-freighted  bough  which  would  otlierwise  remain  un- 
disturbed; and  forms  an  excellent  receptacle  for  all  insects  that  may  be 
dislodged  from  bush  or  brancli.  Opened  and  held  inverted  under  a  bough 
with  the  left  hand,  while  the  right  manipulates  a  beating-stick,  cut  for 
the  occasion,  it  wiU  be  the  recipient  of  many  a  choice  specimen  that  would 
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never  have  been  espied  amid  its  protective  surrouudings.  Some  collec- 
tors use  an  umbrella  painted  or  lined  on  the  inside  vnth  white,  to  facili- 
tate the  detection  of  any  object  that  drops  into  it;  but  as  there  are  fully 
as  many,  if  not  more,  pale  and  white  insects  as  there  are  dark  or  bla<*.k 
ones,  the  common  dark  umbrella  is  good  enough  for  all  ordinary  pur- 
poses; and  if  any  improvement  on  the  ordinary  cotton  umbrella  is 
desired,  it  should  be  in  the  way  of  a  joint  or  knuckle  about  the  middle 
of  the  handle,  which  will  facilitate  its  packing  and  using.  The  trowel 
is  valuable  for  prying  off  the  loosened  bark  from  old  trees,  whether 
felled  or  standing,  and  for  digging  into  the  ground  or  into  decaying 
stumps  and  logs.  The  haversack  is  for  the  carriage  of  different  kinds 
of  boxes  (those  made  of  tin  being  best)  intended  for  larval  and  other 
forms  which  it  is  necessary  to  bring  home  alive  for  breeding  purposes; 
and  if  made  with  a  partition  so  that  the  filled  and  empty  boxes  may  be 
separated,  all  the  better;  it  may  also  be  used  for  nets  and  other  appa- 
ratus to  be  mentioned,  and  for  such  provender  as  is  necessary  on  the 
trip.  The  knapsack  may  be  made  on  the  plan  of  a  cartridge  box,  of 
stout  canvas  or  leather,  and  should  be  of  moderate  size  and  slung  onto  the 
l>elt  so  as  to  be  slipped  to  any  part  of  the  waist  and  not  hinder  free  bod- 
ily  motion.  It  may  be  used  to  carry  bottles,  phials,  and  other  small 
appliances,  and  should  be  accordingly  partitioned  and  famished  with 
loops  or  i)ockets  on  the  inside.  The  cigar-box  is  for  the  reception  of 
pinned  specimens,  and  may  be  slipped  onto  the  belt,  or  buttoned  to  the 
trousers  by  means  of  leather. 

"The  greatest  requisites  in  collecting  are  a  pair  of  sharp  eyes  and 

ready  hands,  with  coolness 
and  self-possession;  but  a  few 
traps  will  materially  aid.  One 
of  the  most  important  is  the 
hand-net,  which  maybe  made 
so  as  to  subserve  the  two  pur- 
poses of  a  sweeping  and  an 
air-net." 

"  The  frame  of  the  net  which 
I  use  is  illustrated  herewith 
(Fig.  44),  and  will  be  found 
strong  and  serviceable  and 
conveniently  portable.  It  is 
constructed  as  follows :  Take 
two  pieces  of  stout  brass  wire, 
each  about  20  inches  long; 
bend  them  half-circularly  and 
at  one  end  by  a  folding  hinge 
having  a  check  on  one  side,  b. 
The  other  ends  are  bent  and  beaten  into  two  square  sockets,/,  which 
fit  to  a  nut  sunk  and  soldered  into  one  end  of  a  brass  tube,  d.    When 


Fio.  44.— The  Butterfly  net-frame. 
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SO  fitted,  they  are  secured  by  <a  large-headed  screw,  ^,  threaded  to  fit  into 
the  nut-socket,  and  with  a  groove  wide  enough  to  receive  the  back  of  a 
common  pocket-knife  blade.  The  wire  hoop  is  easily  detached  and  folded, 
as  at  c,  for  convenient  carriage;  and  the  handle  may  be  made  of  any  de- 
sired length  by  cutting  a  stick  and  fitting  it  into  the  hollow  tube  a,  which 
should  be  about  6  inches  long.  It  is  well  to  have  two  separate  hoops,  one 
of  lighter  wire,  furnished  with  silk  gauze  or  some  other  light  material,  for 
catching  flying  insects,  and  one  which  is  stouter  and  furnished  with  a 
net  of  stronger  material  for  sweeping  non-flying  specimens. 

"Another  still  more  simple,  but  less  convenient  frame,  is  thus  de- 
scribed by  my  friend  F.  G.  Sanborn,  of  Boston,  Mass.: 

^  Make  a  loop  of  strong  iron  or  brass  wire,  of  about  3-lGths  of  an  inch  in 
thickness,  so  that  the  diameter  of  the  loop  or  circle  will  not  exceed  12 

inches,  leaving  an  inch  to  an  inch  and  a  half  of  wire  at 
each  end  bent  at  nciirly  right  angles.  Bind  the  two  ex- 
tremities of  the  wire  together  with  smaller  wire  (Fig.45,«), 
and  tin  them  by  applying  a  drop  of  muriate  of  zinc,  then 
holding  it  in  the  fire  or  over  a  gas  flame  until  nearly  red 
hot,  when  ^  few  grains  of  block  tin  or  soft  solder  placed 
upon  them  will  flow  evenly  over  the  whole  surface  and  join 
them  firmly  together.  Take  a  Maynard  rifle  cartridge 
tube,  or  other  brass  tube  of  similar  dimensions;  if  the 
former,  file  off  the  closed  end  or  perforate  it  for  the  admis- 
sion of  the  wire,  and  liaving  tinned  it  in  the  same  manner 
on  the  inside,  push  a  tight-fitting  cork  half  way  through 
(Fig.c)  and  pour  into  it  melted  tin  or  soft  solder, and  insert  the  wires;  if 
careftilly  done,  you  will  have  a  firmly  constructed  and  very  durable  foun- 
dation for  a  collecting  net.  The  cork  being  extracted  will  leave  a  conven- 
ient socket  for  inserting  a  stick  or  walking  cane  to  serve  as  a  handle.' 
"My  friend,  J.  A.  Lintner,  of  Albany,  N.  Y.,  makes  very  good  use, 
in  his  ordinary  promenades,  of  a  telcvscopic  fish-rod,  with  a  head  (Fig. 
46)  screwed  on  to  one  end,  in  which  to  fasti^n  an  elastic  brass  coil' on 
which  the  net  is  drawn,  but  which  when  not  in  use  sits  snugly 
inside  his  silk  hat. 

"The  bag  should  taper  to  the  bottom,  and  in  any  case  its 
length  should  be  fully  twice  the  diameter  of  the  hoop,  so  that 
by  giving  the  net  a  twist,  the  mouth  may  be  closed  and  the 
contents  thus  secured.  The  sweeping-net  may  be  protected 
around  the  hoop  witli  leather,  and  in  use  should  be  kept  in  a 
steady  and  continued  bjick-and-forth  motion,  over  and  touch- 
ing the  plants,  until  the  c^nttuits  are  to  be  examined;  when, 
by  placing  the  head  at  the  opening  and  quietly  surveying  the 
restless  inmates,  the  desiderata  may  be  secured  and  the  rest 
turned  out.  A  sudden  dash  of  the  air-net  will  usually  lay  any 
flying  object  at  the  bottom.  A  net  for  aquatic  insec^ts  may  be 
made  on  the  same  principle,  but  should  be  stout,  with  the 
meshes  ox)en  enough  to  allow  free  passage  of  water,  and  the  bag  not  quite 
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as  deep  as  the  diameter  of  the  hoop.  A  forceps  net,  which  coiisistn  of 
two  gauze  or  bobbinet  covered  frames,  having  riveted  handles,  so  as  to 
close  like  a  pair  of  scissors,  is  emx)loyed  for  small  insects;  but  I  find  little 
use  for  it.  A  coarse  sieve,  together  with  a  white  towel  or  sheet,  will  be 
found  of  great  service  for  special  occasions,  particularly  in  the  spring, 
when  the  search  for  minute  insects  found  under  old  leaves,  or  for  pujii© 
around  the  butts  of  trees,  is  contemplated.  With  the  sheet  spread  on 
the  ground,  and  a  few  handfuls  of  leaves  and  leafy  mold  sifted  over  it, 
many  a  minute  si)ecimen  will  be  separated  from  the  coarser  parti(;les 
and  drop  to  the  sheet,  where  the  eye  may  readily  detect  it.  Conversely, 
the  earth  taken  from  around  trees  may  be  sifted  so  as  to  leave  in  the 
sieve  such  larger  objects  as  pupie,  etc.  Another  favorite  plan,  with 
some  collectors,  of  obtaining  specimens,  especially  night-flying  moths, 
is  by  *  sugaring.'  This  consists  of  applying  to  the  trunks  of  trees  or 
to  strips  of  cloth  attached  to  the  trees  some  sweet,  attractive,  and 
stupefying  preparation.  Diluted  molasses  or  dissolved  brown  sugar, 
mixed  with  rum  or  beer,  is  most  frequently  employe<l.  I  have  found 
sugaring  of  little  use  till  after  the  blossoming  season,  and  it  is 
almost  impossible  to  so  stupefy  or  intoxicate  an  insect  that  it  will 
remain  upon  the  sugared  tree  till  the  next  morning.  I  generally 
sugar  at  eve,  and  visit  the  tree  several  times  between  sundown  and 
midnight,  armed  with  wide-mouthed  killing-bottles  and  ac^companied 
by  a  second  person,  who  carries  a  dark-lantern.  Isolated  trees,  on  the 
edges  of  woods,  give  the  best  results.  Everybody  knows  how  some 
poor  moths  will  persist  in  flitting  around  a  light  until  they  singe  their 
wings;  and,  as  many  insects  are  strongly  attracted  to  bright  artificial 
light,  it  may  be  employed  with  good  results,  especially  during  warm 
and  damp  evenings.  The  collector  should  never  go  unprovided  with  a 
smaU  box  or  tube  full  of  different  sized  pins  (a  corked  cartridge-tube 
makes  a  good  box,)  a  pair  or  two  of  forceps,  a  pair  of  scissors,  a  little 
mucilage,  and  the  killing  apparatus  to  be  described.'' 

With  these  general  remarks,  it  will  be  well  to  consider  some  of  the 
important  paraphernalia  more  in  detail. 

COLLECTING   APPARATUS. 

The  Sweeping  Net. — A  multitude  of  insects  of  all  orders  fee<l  or  rest 
on  grasses  and  other  low  plants.  Upon  close  inspection  of  these 
plants  a  careful  observer  will  be  able  to  secure,  without  any  instru- 
ments, not  only  many  mature  insects,  but  also  many  larvae  in  connec- 
tion with  their  food-plants.  This  is  laborious  and  slow  work,  only  nec- 
essary on  special  occasions.  The  beating  net,  which  is  constructed  on 
the  same  general  plan  as  the  butterfly  net,  is  valuable  here  as  a  time 
saver.  By  holding  the  handle  of  the  net  flrmly  in  one  hand  and  quickly 
sweeping  over  the  plants  first  from  right  to  left,  and  then,  after  quickly 
turning  the  net  again,  sweeping  from  left  to  right,  most  insects  coming 
within  reach  of  the  sweep  will  fall  into  the  bag  and  may  be  easily  taken 
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out  and  put  into  the  ooUectiug-vials.  From  tbU  mode  of  oi>erHtion  it 
is  evident  that  the  sweeping  net  must  be  stroDper  iu  all  its  parts  thau 
the  butterlly  uet,  but  otherwise  it  may  be  made  ou  the  same  plan. 


The  ring  should  be  rigid,  matle  n(  liruHs  or  iron,  either  of  one  piccu 
or  of  two  pieces,  and  fastened  to  the  handle  or  stick  in  tlio  same  way 
asthebutterdy  net.  Thebag  need  not  be  as  long  as  in  the  butterfly  net, 
about  18  inches  beiug  sufBcient,  but  it  should  be  of  stont  cotton  or  linen 
and  the  bottom  should  preferably  be  sewed  in  as  a  round  piece,  so  as  to 
avoid  corners.  Care  needs  to  be  bt^stowed  on  the  fasti^idiig  of  the  bag 
on  the  ring,  for  by  the  use  of  the  net  the  part  of  the  bag  sewed  around 
the  ring  is  soon  chafed  throngh.  To  prevent  this  a  strip  of  leather  is 
sewed  over  the  cotton  aloug  the  rim,  but  siuce  even  this  must  be  fre- 
quently renewed  some  other  devices  are  used  to  give  greater  dmability 
to  the  uet.  In  the  pattern  of  a  beating-net  originally  sold  by  Deyiidle 
in  Paris,  the  metal  ring  was  flattene<),  with  the  narrow  e<ige  pointing 
ui)wardB  and  the  broad  side  pierced  with  boles  at  suitable  intervals  and 
grooved  on  the  outer  surface  between  the  holes.  The  bag  is  sewed  on 
to  the  inner  side  of  the  ring  by  stout  twine,  which  passes  from  one 
hole  to  the  next  and  is  thus  itrevcntt-d  from  troiuing  in  contact  with  ob- 
Htructive  objects,  and  only  the  bottom  of  the  bag  wears  and  will  need  to 
be  occasionally  mended  or  renewed. 

Another  method  of  preventing  the  tearing  of  the  upper  rim  of  the 
bag  is  described  and  illustrated  in  Kie.'fenwetter's  useful  volume  "  l>er 
Naturaliensamnder'^irom  whi<!h  I  shall  frequently  have  occassion  to 
quote.  In  this  net  the  main  ring  is  of  munded  iron  wire  on  which  a 
number  of  brass  rings  are  slipped.    These  must  be  but  little  larger 
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than  the  diameter  of  the  wire.    These  little  brass  rings  shonld  not  be 

more  thau30  mm.  or  at  most  10  mm.,  distant  from  each  other,  and  to 

them  theiipper  rim  of  the 

bag  is  sewed  with  very 

strong  twine  and  is  thus 

protected  from  wear  and 

tear,    Ibe  handle  or  stick 

of  theuet  slionid  be  firmly 

and  solidly  atta«hetl   to 

the  ring  and  should  be 

stout  and   not  liable  to 

break.    I  prefer  a  rather 

short  stick,  say  not  longer 

than  two  feet. 

I  figure  herewith  the 

ring  of  a  very  convenient 

net  for  sweeping  or  beat- 
ing purposes.     It  has  the 

advantage  of  being   for 

sale  on  the  market,  and 

in  fact  is  an  ordinary  fishing  dip  net  of  small  size.     It  is  hinged  in 

three  places,  as  shown  in  the  figure,  and  folds  into  very  small  compass. 
When  unfolded  and  brought  together,  it  screws 
into  a  ferrule  which  may  be  attached  to  a  cane  or  a 
special  handle. 

The  beating  net  can  be  successfully  used  at  almost 
every  season  of  tlie  year.  Even  on  warm  days  in 
winter  time  many  specimens  can  be  swept  from  the 
dead  grass.  So  long  as  tlie  dew  is  on  the  plants  or 
in  rainy  weather  no  beating  should  be  attempted, 
as  the  more  delicate  species  arc  more  or  less  spoiled 
by  the  moisture.  After  one  or  two  minutes'  sweep- 
ing the  contents  should  he  examined.  Those  in- 
sects which  are  quick  to  take  wing  or  which  are 

Fio.  *9.-FoidiDg  ring    go^  runners  should  first  receive  attention:    the 

for b™tingnet (original),      f  ^.  .,  .  ■        i  .^  i    ■ 

less  active  can  then  he  examined  more  at  leisure. 
The  desiderata  are  then  disposed  of,  the  rest  thrown  away,  and  the 
beating  renewed. 

The  beating  net  is  an  important  instrument  for  collecting  all  instnits 
excepting  mature  Lepidopt«ra,  which  are  apt  to  get  rubbed.  Many 
larviB,  especially  of  Lepidoptera,  are  caught  by  beating  and  are  mostly 
iu  good  condition,  but  it  is  usually  difiBcnlt  to  ascertain  the  food  plant. 

The  Water  Net. — The  numerous  iusects  or  insect  larvae  which  live 
in  the  water  can  not  be  conveniently  collecteil  without  the  use  of  a 
net,  except  where  they  live  in  small  shallow  streams  or  creeks  with 
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gravelly  or  ntoiiy  bottoms.  A  suitable  water  net  can  readily  be 
made  by  usiug  the  frame  of  the  beating  net  and  attaching  to  it  a  rather 
short  bag  of  some  coarse  material,  e.  g.^  '^  grass  cloth/^  coarse  milUuet. 

The  mode  of  operation  with  tliis  net  is  very  sim 

pie:  if  some  insert  is  seen  swimming  in  the  water, 

the  net  is  carefully  brought  beneath  the  specimen, 

which  is  thus  lifted  out  of  the  water.    Most  water 

insex'ts  are,  however,  not  seen  swimming  about 

^^'  rAft^^raXwST)  ^^*      freely,  but  hide  amid  the  various  plants,  mosses, 

etc.,  or  in  the  mud  at  the  base  of  the  x)lants,  and 
they  can  best  be  captured  by  dragging  the  net  through  these  plants. 
When  taken  from  the  water  the  net  is  more  or  less  filled  with  mud  and 
parts  of  plants,  and  the  water  must  be  allowed  to  run  out  and  the  con- 
tents of  the  net  spread  out  on  a  cloth  or  on  a  flat  stone,  if  such  be  at 
hand.  The  insects  are  at  first  not  readily  seen,  but 
after  a  short  while  they  begin  to  emerge  from  the 
mud  and  crawl  about,  and  can  readily  be  taken  up 
with  a  forceps. 

Water  Dip  Net. — The  small  water  sieve,  shown  in 
the  accompanying  illustration  (Fig.  51),  and  some- 
what resembling  in  appearance  a  jockey  cap,  is  fre- 
quently of  service  in  collecting  the  larva?  of  aquatic  ^'^pip^x^t ™rigin^"^*''^ 
insects,  especially  where  it  is  necessary  to  scrape 
submerged  stones  or  timbers.  In  use  it  is  fastened  on  the  end  of  a  cane 
or  stick,  and  can  be  easily  made  by  any  tinsmith. 

The  Umbrella. — The  umbrella,  as  already  stated,  is  one  of  the 
most  useful  instruments  of  the  collector,  since  it  enables  him  to  obtain  all 
those  numerous  insects  which  live  on  the  branches  of  trees,  on  shmbs, 
and  on  other  large  plants.  A  common  stout  cott<m  umbrella  is  suffi- 
ciently large,  but  is  liable  to  get  out  of  joint,  and  moreover  the  speci- 
mens hide  themselves  under  the  ribs.  It  is  well,  therefore,  to  have  the 
inside  of  such  umbrella  lined  along  the  ribs  with  muslin,  or  some  other 
material,  preferably  of  a  light  color.  An  umbrella  specially  constructed 
for  entomological  purposes  is  offered  for  sale  by  E.  Deyrolle,  ip  Paris. 
It  resembles  a  stoutly  built  common  umbrella,  but  has  the  inside  lined 
with  white  linen  and  the  handle  has  a  joint  near  the  middle,  so  that  the 
umbrella  can  be  more  conveniently  held  and  more  readily  packed  away. 
The  opened  and  inverted  umbrella  is  held  with  the  left  hand  under  the 
branch  which  the  collector  intends  to  relieve  of  its  entomological  in- 
habitants, while  the  right  hand,  armed  with  a  heavy  stick,  is  free  to 
properly  jar  the  branch.  Care  must  be  taken  in  the  jarring,  lest  the 
insects  are  knocked  beyond  the  circumference  of  the  umbrella.  The 
larger  the  umbrella  the  greater  are  the  chances  of  making  rich  captures, 
but  the  more  difficult  it  becomes  to  manipulate,  especially  where  the 
woods  are  dense  or  where  there  are  many  vines,  etc.  In  the  absence  of 
an  umbrella  the  butterfly  net  or  the  beating  net  can  be  used. 
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A  drawback  to  collectiog  with  tlio  uinbrellu  is  that  many  iiiyects  take 
wing  and  escape  before  being  secured.    This  liaii  Iiardly  Ixi  avoided, 


Fio.  S2.— Tbe  Umbrella  and  iu  mode  of  use.    (AAer  Elescnwotler.) 

aod  experienced  collectors,  iti  soiitheni  countries  more  psirticuhirly, 
have  found  it  advisable  to  discard  the  iiinbrella  and  to  use  iu  it;^  stead 
a  very  large  butterfly  net,  2  feet  or  more  in  diameter. 

The  Beating  Cloth. — A  very  siiniile  substitute  for  the  umbrella,  and 
one  which  cau  always  be  carried  without  incouveuience,  may  here  be 
described.  It  consists  of  a  piece  of  common  unbleached  cotton  cloth  (1 
yard  square),  to  each  corner  of  whl<;h  a  loop  of  »tout  twine  is  sewed. 
Upon  reaching  the  woods,  two  straight  sticks,  each  about  5  feet  iu 
length  and  not  too  heavy,  but  also  not  so  small  as  to  be  liable  to  break 
or  to  bend  too  easily,  are  cut  from  a  convenient  bush.  The  sticks  are 
placed  crosswise  over  the  «;l(it!i  and  fastened  to  the  loops  at  the  four 
ends.  This  is  easily  and  quickly  done  by  making  sliding  loops  of  the 
simple  lo«ipa.  The  cloth  is  thus  kept  spreiid  out  between  the  sticks, 
and  forms  a  very  good  substitute  for  an  umbrella.  In  beating,  the 
sticks  ai-e  held  at  their  intersecting  points.  Wlien  not  in  use  one  of 
the  loops  is  detiiched  fi-om  the  stick  and  the  instrument  can  be  rolled 
up  and  ciirried  under  one  arm  without  seriously  interfering  with  other 
operations  of  the  collector.  When  laid  on  the  gronnd,  with  the  sticks 
on  the  underside,  this  simple  instriuncnt  may  be  udviintageonsly  used 
2564 3 
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as  a  dotli  on  which  to  sift  or  examiue  fungi,  moss,  pieces  of  bark,etc.,  and 
since  the  cloth  is  always  tightly  expanded,  it  offers  a  smooth  and  level 
surface,  where  examination  of  various  objects  can  be  made  with  ease 
and  accuracy. 


/^ 


U 


a 


Fia.  53.— The  ambrella  beating  and  Hweeping  net  (original). 

The  Umbrella  Net. — ^A  very  convenient  form  of  net  for  both  sweep- 
ing and  for  use  in  plac^  of  an  umbrella  for  beating  has  been  de- 
vised by  Dr.  George  Marx.  (See  Fig.  63.)  It  is  constructed  from  an 
old  umbrella,  as  follows:  To  the  handle  of  the  umbrella  are  attached 
two  steel  rods  working  on  hinges  at  the  apex  of  the  umbrella,  a«  do  the 
ordinary  umbrella  ribs,  and  attached  to  the  sliding  piece  of  the  umbrella 
in  the  same  manner,  as  shown  at  a.  These  rods  should  be  about  2^ 
feet  long.  When  the  sliding  piece  is  pushed  up  and  caught  behind  the 
spring  clip,  as  shown  at  h,  a  circular  loop  is  formed  giving  the  frame- 
work for  the  net.  The  latter,  which  should  be  comparatively  shallow, 
is  made  of  stout  muslin  and  sewed  to  the  frame,  as  in  the  ordinary 
sweeping  net.  The  enlarged  drawings  c  and  d  illustrate  clearly  the 
manner  of  c^onstructing  the  frame.  The  advantage  of  this  net  is  it«  con- 
venience in  carrying  and  its  general  usefulness,  taking  the  place  of  both 
the  umbrella  and  the  sweeping  net.     When  not  in  use  the  frame  is 
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ftltowed  tuasBunm  the  position  »liowuat  A,ati(l  tbenct  iiiaybcwr<i|>)ied 
abont  the  fraine  and  the  whole  inserted  in  an  ordinary  umbrella  cover. 

The  Siefe. — This  useful  aid  to  good  volle<rtiiig  boa  not  been  gen- 
erally employed  by  American  entomologists.  It  fa<;ilitates  the  finding 
of  small  insects  living  under  old  leaves,  in  nioHs,  in  (IccAytMl  trees,  in 
fungi,  in  ants'  nests,  or  in  the  ground.  Any  ordinary  nieve  about  a 
foot  iu  diameter  and  with  meshes  of  about 
one-fifth  of  an  inch  will  answer,  th<mgh  for 
durability  and  «>nveiiience  of  carriage  one 
made  of  two  wire  or  brass  rings  and  tuualin 
(Fig.  54),  as  follows,  is  the  best.  The  ends 
of  the  wire  netting  should  be  bent  around 
the  ring  so  as  not  to  project.  A  piet^e  of 
common  muslin  about  1  foot  wide  and  long 
enough  to'  go  around  t!ie  circumference  of 
one  of  the  rings  is  then  sewed  together  so  as 
to  form  a  kind  of  cylinder  or  bag  without  bot- 
■"tom,  and  the  upper  and  lower  rims  of  this 
bag  are  then  sewed  on  around  the  two  rings. 
The  whole  instrument  thus  forms  a  bag,  the 
top  of  which  is  kept  open  by  the  sim])Ie  wire 
ring,  and  the  bottom  is  closed  by  the  second 
ring  covered  with  the  wire  netting.    After 

choosing  a  suitable  locality  a  white  cloth  is  * '"'  ^  "^'"onirtMi"' '''"°'''"°'' 
spread  as  evenly  as  possible  on  the  ground; 

the  collector  then  takes  the  sieve,  places  therein  two  or  thi-ce  handfuls 
of  the  material  to  be  sift^,  returns  to  his  cloth,  and,  holding  witli  his 
right  hand  the  lower  ring  and  with  the  left  hand  the  upper  ring,  shakes 
the  sie\'e  over  the  cloth.  The  larger  particles  and  specimens  are  re- 
^taincd  in  the  sieve  while  the  smaller  fall  through  the  meshes  on  to  the 
cloth.  Care  must  be  taken  that  the  sittings  form  an  even  and  thin 
layer  on  the  surface  of  the  cloth,  so  as  to  be  easily  examined  from  time 
to  time.  If  the  locality  is  favorable  many  inse^^ts  will  l>e  seen  at  the 
first  glance  crawling  or  running  about,  and  these  can  easily  be  picked 
up  by  means  of  a  moistened  brush,  or  with  the  fon^eps.  Many  other 
insects,  however,  either  feign  deiith  or,  at  any  rate,  do  not  move  until 
after  the  lapse  of  several  minutes,  and  the  proper  investigation  of  a  sin- 
gle sifting  often  retinirea  much  time,  and  patience  will  be  more  ftilly  re- 
warded here  than  in  any  other  mode  of  collecting. 

The  size  of  the  wire  meshes  given  above  is  best  adapted  for  sifting 
the  fragments  of  old  decayed  trees,  which  furnish  the  most  frecinent 
material  for  the  use  of  the  sieve,  but  for  sifting  ants'  nests,  soil,  et«.,  a 
sieve  with  smaller  meshes  is  desirable. 

The  sieve  is  indispensable  to  the  Coleopterist,  the  Arachnologist,  and 
Ut  the  specialist  in  the  smaller  llemiptera  and  Hynicnoittera,  but  if  is 
alsousetiil  for  most  other  onlers,  iiiiniyintcrestiiigsiH-cics  existing  which 
can  be  secured  in  numbers  only  by  this  nioile  uf  collecting.     Mauy 
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Tineida5  and  even  Noctuidje  hide  under  old  leaves,  but  the  8i)eeimen8  are 
usually  rubbed  and  rendered  useless  in  the  process  of  sifting.  Many 
larvjB  and  pup«  can,  however,  thus  be  obtained. 

If  the  locality  chosen  for  sifting  prove  to  be  a  good  one,  it  pays  to 
put  the  sifted  material  in  a  small  sack  and  to  carry  it  home  where  it 
can  be  investigated  at  leisure,  and  with  a  greater  thoroughness  than  is 
usually  possible  outdoors.  This  sack  can  be  easily  arranged  to  be  at 
tached  to  or  drawn  over  the  lower  ring  of  the  sieve,  so  that  the  sifting 
can  be  done  directly  into  the  sack. 

As  a  rule  it  may  be  said  that  very  dry  places  are  least  productive, 
while  more  or  less  moist  places  are  apt  to  furnish  a  rich  harvest.  Old 
wet  leaves  lying  immediately  along  the  edges  of  swamps,  or  wet  moss, 
harbor  many  interesting  inse(?ts,  but  such  wet  material  is  sifted  with 
difficulty. 

The  sieve  can  be  used  with  great  advantage  at  all  seasons  of  the 
year,  but  more  especially  lat«  in  fall  or  early  in  spring,  when  so  many 
8i)ecies  are  still  hibernating. 

The  Chisel. — For  securing  the  many  insects  living  or  hiding  under 
bark  of  dying  or  dead  trees  an  instrument  of  some  sort  is  indispen- 
sable, as,  in  most  cases,  the  bark  so  firmly  adheres  to  the  wood 
that  it  cannot  be  torn  off  with  the  hand.  A  stout  pocket-knife  will  do 
good  service,  but  far  better  is  a  common  chisel  of  medium  size  and 
with  a  short  handle.  This  chisel  is  also  useful  as  an  instrument  for 
digging  in  the  ground  or  for  investigating  the  interior  of  partly  de 
cayed  logs. 

The  Trowel. — Aside  from  the  fact  that  many  insects  enter  the  ground 
for  the  purpose  of  hibernation  in  various  stages,  there  is  a  rich  subter- 
ranean life  to  be  found  during  the  summer.  There  are  many  burrowing 
Coleoptera;  many,  if  not  most,  ants  construct  subterranean  nests; 
the  number  of  other  fossorial  Hymenoptera  is  very  large,  and  there 
are  also  various  burrowing  Orthoptera  and  many  Lepidopterous  larvic 
which  hide  in  the  ground  during  the  day.  Some  instrument  for 
digging  in  the  ground  is  therefore  of  great  importance,  and  while,  as 
stated  above,  the  chisel  will  answer  this  purpose  if  nothing  else  bt  at 
hand,  yet  there  are  other  instruments  which  perform  the  work  much 
quicker  and  more  tlioroughly.  The  most  available  instrument  is  a 
rather  small  steel  trowel,  such  as  can  be  hiid  at  the  hardware  storeys  in 
a  great  variety  of  i)atterns,  and  which  can  be  carried  on  excursions 
without  mu(;h  inconvenience.  One  with  a  long  and  narrow  blade,  made 
very  stout,  1  have  found  very  useful,  though  somewhat  awkward  to 
carry. 


Km.  55.— The  coUectinff  twoezors. 


The  voUevihig  Ticeezers, — In  the  ])i(!king  up  of  specimens  and  trans- 
ferring them  into  the  various  bottles,  vials,  or  boxes,  the  trained  col- 
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\wU)r  will  gittlier  by  liiind  the  nicist  delicate  speuiiiieiiH  without  injuring 
them.    Yet  tliis  labor  will  be  greatly  facilitated  by  the  use  of  the 


tweezers  or  the  brush.  The  foniier  is  a  Biuall,  light  pair  of  forceps,  made 
of  steel  or  brass.  It  should  be  as  pliable  as  possible,  and  the  tip  should 
he  narrow  and  rounded  off  and  not  pointed.  It  may  be  either  straight 
or  curved  at  tip,  according  to  individual  preference. 

Suitable  tweezers  may  be  obtained  at  the  larger  hardware  stores  or 
of  vatchmakers..    Excellent  tweezers  ma^le  of  steel  (see  Fig. .'».'»)  are 


sold  for  about  40  cents  a  pair  by  Codinan,  Sliurtletf  &  Co.,  Treraont 
street,  Boston,  Mass.  Aside  from  their  utility  in  picking  up  speci- 
mens from  the  collect- 
ing cloth  or  the  um- 
brella, the  tweezers 
are  iiidispensable  for 
extracting  insects 
from  craeks,  or  holes 
in  timber,  or  from 
their  burrows  in 
branches  and  stems 
of  plants,  or  from 
places  whence  it  Ih 
impossible  to  dislodge  ...    r^   ,.,    ,    ,        ,    .    ..   . 

'  *>  Fill.  M.— Pinuing  furoepB  for  l.flpldop(er». 

tbem  by  hand.     The 

larger  "  collecting  foreeps,"  sold  by  various  dealers,  do  gm»d  service  in 
certain  emergencies,  as  when  large  scorpions  or  other  very  large  and 
ferociouH  insects  are  to  be  secured. 

For  the  handling  of  mounted  insects  various  sjiecial  forceps  are  em- 
ployed, a  number  of  styles  of  whicli  are  shown  at  I'^gs.  6(>-8. 

The  Bruxh. — A  common  camel's  hair  bnisli,  of  smaller  or  larger  size 
acc<irdiug  to  individual  preference,  is  useful  for  picking  up  very  small 
or  soft^bodied  insects.  For  this  purpose  the  brush  is  slightly  moistened 
*ith  saliva,  and  the  tip  brought  in  contact  with  the  specimen,  wliich 
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tbeu  !ullierei4  to  the  brush,  »o  that  it  cau  readily  and  without  injury  be 
transferred  to  the  collectiug  bottle  or  box.  The  braah  is  indispensable 
also  for  preparing  Mmall  s{>ecimeu8  for  the  cabinet.  If  taken  into  the 
field  the  handle  of  the  bmsh  should  be  of  a  bright  color,  otherwise  the 
brush  is  often  lost. 

The  Fumigator. — This  is  not  used  by  American  collectors,  but  there 
are  several  patterns  sold  by  European  dealers.  It  is  intended  to  nrooke 
out  specimens  that  hide  in  otherwise  inaccessible  places,  e.  g.,  cracks  in 
the  ground,  holes  in  hard  wootl,  etc.  The  accompanying  figure  and  the 
following  description  of  a  fumigator 
are  taken  ftYtm  Kiesenwetter.  A 
common  smoking- pipe  mouthpiece 
{Fig.  59,  a)  with  flexible  rubber  joint 
(b)  is  attached  to  the  cover  (c)  of  a 
very  large  smoking-pipe  head  (d). 
To  the  mouth  {e)  of  the  latter  a  rub- 
ber hose  (/)  is  attached,  which  has  a 
(convenient  discharge  at  its  end  (*/), 
The  pipe  is  then  tilled  with  tobacco, 
and  the  latter  ignited  by  means  of  a 
piece  of  burning  tinder  placed  on  top ; 
the  cover  is  then  screwed  on,  and  the 
smoke  can  be  diretcted  to  anydesired 
{Htint  by  blowing  air  through  the 
mouthpiece.  The  »moke  from  a  com- 
mon pipe  or  cigar  is  often  useful.  In 
sifting  in  cold  weather  a  pulf  of  to- 
bacco smoke  gently  blown  over  the 
debris  on  the  collecting  cloth  will  in- 

Fm.59,-Th«FumigBtur.  (AH.t  Ki.-r-nwetlBD.    .  .  °  ... 

duce  many  specunens  to  move,  which 
otherwise  "play  iwssum"  and  could  not  be  observed;  and,  further, 
tobacco  smoke  blown  into  holes  and  cracks  in  timber  by  means  of  an 
improvised  funnel  made  of  a  piece  of  paper  will  be  the  means  of  secur- 
ing many  rare  specimens. 

The  Harenack. — In  order  that  the  above-mentioned  instrumenta 
and  the  various  bottles,  vials,  and  boxes  which  are  needed  for  the  pres- 
ervation of  specimens  may  most  conveniently  and  with  the  least  imi>edi- 
ment  to  tlie  collector  be  carried  along  on  e<ccursions,  iv  haversack  is  in- 
disiiensable.  This  is  made  either  of  leather  or,  still  better,  of  some 
waterproof  cloth,  and  should  (contain  various  compartments  of  diflFereut 
sizes;  one  for  stowing  away  the  nets,  the  sieve,  and  the  larger  instru- 
ments, and  s(tveral  smaller  ones  for  boxes  and  vials — the  whole  so  ar- 
ranged that  each  desired  object  can  readily  be  taken  out  and  that 
nothing  will  drop  out  and  get  lost.  The  liaversack  is  slung  across  the 
shonjders  by  means  nf  a  Icatlier  str.ip,  and  a  full  field  outfit  need  not  be 
very  h(!avy  nor  seriously  interfeie  witli  fre<!  hinlily  movements. 
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Many  of  the  smaller  objects  are  most  couveniently  carried  in  the 
pockets  of  the  coat,  which  acquires,  therefore,  some  importance  to  the 
colle<'.tor.  The  coat  should  be  of  some  durable  stuft'and  provided  with 
many  pockets,  so  arranged  that  in  stooping  nothing  falls  out  of  them. 

The  Lefts  and  Microscope. — In  the  examination  of  the  minuter  forms 
of  insect  life  the  naked  eye  is  not  sufficient,  and  a  hand-lens,  or, 
for  more  delicate  work,  the  compound  microscope  will  be  found  neces 
sary.  I  had,  in  my  early  experience,  some  difficulty  in  getting  a  satis- 
factory hand-lens,  and  the  use  of  a  poor  hand-lens  in  time  injures  the 
eyesight,  as  I  know  by  a  year's  rather  disagreeable  experience.  For  a 
hand-lens  the  achromatic  lenses  formerly  manufactured  by  A.  K.  Eaton, 
of  Brooklyn,  F.  Y.,  and  now  made  by  John  Green,  35  Liverpool  street. 
East  Boston,  Mass.,  are  most  excellent  in  workmanship  and  are  satis- 
factory in  every  respect.  A  very  good  lens  can  also  be  purchased  of 
any  of  the  leading  manufacturers  of  microscopical  apparatus  in  this 
country.  The  kind  of  compound  microscope  to  be  purchased  will  de- 
pend upon  the  nature  of  the  work  of  the  investigator.  Very  serviceable 
instruments  are  made  by  J.  W.  Queen  &  Co.,  Philadelphia,  Pa.,  and  by 
the  Bausch  &  Lomb  Optical  Company,  of  Eochester,  N.  Y.,  and  others. 
The  German  microscopes  are  in  many  respects  superior  to  those  of 
American  make,  and  if  one  has  sufficient  means,  I  would  recommend 
the  purchase  of  one  of  the  better  instruments  of  Zeiss's  manufacture, 
which  may  be  obtained  either  direct  from  the  manufacturers  or  through 
Queen  &  Co.,  or  from  the  Boston  Educational  Supply  Company.  Micro- 
scopic material,  including  slides,  cover  glasses,  instruments  for  mount- 
ing, mounting  media,  staining  fluids,  etc.,  may  be  obtained  of  either  of 
the  firms  named  above. 

Having  thus  indicated  somewhat  fully  the  general  methods  of  collect- 
ing, and  the  paraphernalia  most  desirable  in  collecting,  it  will  be  well 
to  go  still  further  into  detail,  and  in  connection  with  the  different  orders 
give  some  more  specific  information  that  will  be  valuable  as  a  guide  not 
only  to  the  general  collector,  but  to  the  specialist. 

COLLECTING  HYMBNOPTEBA. 

The  insects  of  this  order,  including  Bees,  Wasps,  Ants,  Ichneumon- 
flies,  Ciall-flies,  Saw-flies,  and  allied  insects  have  always  been  of  unusual 
interest  both  to  entomologists  and  non-entomologists  on  account  of 
their  diversified  and  peculiar  habits.  In  abundance  of  species  they 
exceed  perhaps  even  the  Coleoptera.  In  general  they  are  day  fliers 
and  always  to  be  found  in  abundance  on  bright  days  about  flowers. 
The  best  season  for  collecting  is  in  early  spring,  on  the  bloom  of  the 
Willow,  Alder,  and  other  trees.  They  may  also  be  found  at  any  season 
of  the  year,  but  the  males  of  many  species  are  only  to  be  taken  in  fall. 
In  this  order,  species  of  many  groups  can  be  most  easily  obtained  by 
breeding.  This  includes  the  gall-making  family,  Cynipidae,  and  the 
parasitic  families  Chalcidida?,  Proi'totrypidae,  IchnenmonidaB  and  Bra- 


BULLETIN   39,  UNITED   STATES   NATIONAL   MUSEUM.  [40]    \ 

conidtti.  Tbc  CliryHiditliii  aiiil  certain  other  l&sa  important  families  »re 
also  parasitic,  but  are  more  easily  obtained  by  general  collecting.  The 
implements  necessary  for  collecting  Hymenoptera  are  the  sweepiog-net 
and  the  beating  net.  Manyrare  forms  of  the  smaller  parasitic  families 
may  be  obtained  by  sweeping  the  grass  and  foliage  of  all  wrts.     The 


Proctotrypidie  may  be  collected  in  quantity  by  sifting  leaves  and  rub- 
bish collected  in  the  woods.  Mr.  William  It.  Ashnieiid,  who  has  uiatle 
an  especial  study  of  tbis  group,  finds  winter  sifting  profitable.  Dried 
leaves  and  nibbish  are  sifted,  the  finer  ixirtion  being  retained  and 
transferred  to  a  bag.  When  a  sufficient  quantity  is  collected  it  Ij*  re- 
movttd  to  a  warm  room.  Many  Libcniating  species  lure  taken  in  this  way, 
and,  revived  by  the  warmth,  aie  easily  noticed  when  tlie  material  is 
spread  on  white  paper. 

On  account  of  the  interest  attaching  to  a  Itnowledge  of  the  varions 
hosts  of  parasitic  insn-ts  the  eollei^tor  slionid  iilwaysaim  to  obtain  the 
latter  by  bree<ling  as  much  as  poHnible.  This  can  easily  be  done  by 
keeping  a  lookout  for  larva;  of  all  sorts  which  give  evidence  of  being  par- 
asitized. The  larviK  of  Lcpl^loptera  found  lati'.  in  the  fall  are  very  apt  tfl 
be  parasitized,  and  should  be  colle^rted  and  kept  over  the  winter.  The 
panisites  will  emerge  througlitrnt  the  winter  season  aiul  in  the  early 
spring.  Such  larva?  will  Ik.-  found  on  the  trunks  of  ti-ecs,  in  the  crevices 
of  the  bark,  and  the  cocoons  of  parasites  will  also  be  found  in  similar 
situations. 
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The  Tentbredinidae  (Saw-flies)  are  not  so  often  found  about  flowers 
but  usually  remain  in  the  vicinity  of  the  food- plant  of  the  larva, 
and  may  many  of  them  be  collected  by  sweeping.  The  larvae  of  this 
family  are  in  many  cases  difficult  to  breed,  as  most  of  them  are  single- 
brooded,  and  it  becomes  necessary  to  carry  the  larvae  over  the  winter. 

The  Gall-flies,  Cynipidae,  are  the  easiest  of  the  families  to  collect, 
because  of  their  abundance  and  because  of  the  ease  with  which  they 
may  be  reared.  Their  galls  occur  in  enormous  variety  on  oaks  of  vari- 
ous species  and  also  upon  brambles  and  certain  common  weeds.  These 
should  be  collected  when  mature  and  be  kept  in  glass  jars.  The  Gall 
flies  and  inquilinous  and  parasitic  species  may  thus  be  easily  obtained, 
the  former  appearing  at  particular  seasons  and  the  latter  emerging 
firom  the  galls  at  all  seasons  of  the  year,  and  sometimes  continuing  to 
escape  for  a  period  exceeding  two  years. 

One  of  the  most  interesting  families  in  this  order  is  the  Formicidae, 
which  comprises  the  true  ants.    In  the  case  of  these  insects  isolated 
specimens  should  not  ordinarily  be  collected,  and  it  is  especially  desir- 
able to  coDect  the  species  from  col- 
onies so  that  the  three  forms  (males, 
females,  and  workers)  may  be  ob- 
tained together.    This  holds  also  in 
the  case  of  the  social  wasps  and  bees, 
but  the  different  sexes  of  the  latter 
may  be  collected  in  a  season's  collect- 
ing about  flowers,  the  females  and 
workers  in  early  spring  and  the  males 
in  the  fall. 

The  Uroceridae  or  woodborers  are  to 
be  found  only  about  trees  in  which  the 
larvae  breed.  They  may  frequently  be 
taken  about  tree  trunks,  or  burrow-  -^   «.     a   t  k  ,r^u^ 

'  Fig.  61.— An  Ichneumon  (OpAwm). 

ing  with  their  long  gimlet-like  ovi- 
positors into  the  trunks  of  trees  to  oviposit.      Breeding  is  also  a  satis- 
factory method  of  obtaining  these  insects. 

Some  special  methods  of  collecting  Hymenoptora  may  be  briefly  out- 
lined. In  the  case  of  the  social  bees,  particularly  bumble-bees,  and 
also  the  smaller  wasps  and  yellow-jackets,  a  very  satisfactory  method 
of  collecting  consists  in  first  stupefying  the  insects  in  the  nest  by 
introducing  a  small  amount  of  chloroform,  benzine,  or  bisulphide  of 
carbon.  This  should  preferably  be  done  in  the  late  evening,  after  all 
the  insects  have  come  in  for  the  night.  The  nest  may  then  be  opened 
and  examined  without  any  danger  of  being  stung,  and  the  different 
forms  may  thus  easily  be  obtained,  together  with  any  rare  parasitic  or 
inquilinous  insects.  In  the  case  of  the  nests  of  Bombi  this  is  the  best 
method  of  obtaining  the  inquilinous  Apathus  species. 

On  account  of  the  danger  of  being  stung,  and  also  on  account  of 
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the  extremely  quick  flight  of  these  iusects,  the  removiug  of  Hynien- 
optera  from  the  net  is  not  always  an  easy  task,  and  in  many  cases  rare 
specimens  escape.  One  method  of  avoiding  the  danger  of  being  stang 
is  to  have  the  collecting  net  constructed  with  an  opening  at  the  bottom 
which,  during  the  sweeping,  is  tied  with  a  string.  When  a  sufficient 
quantity  of  insects  is  obtained  they  are,  by  a  few  quick  motions,  driven 

to  the  bottom  of  the 
net,  and  the  net  is 
then  seized  just  above 
the  insects  with  the 
hand,  the  folds  of 
cloth  preventing  the 
insects  from  getting 
to  the  hand,  so  that 
there  is  little  danger 
of  being  stung.  The 
lower  end  is  then  care- 
fully untied  and  in- 

Fio.  82.— The  Little  Bed  Ant  {Monomorium  pharaonia).  a,  female ;      gcrtcd    iuto    a    wide- 

6,  worker  enlarged.  ^-      ■■    ••     ..^  •■ 

mouthed  bottle,  and 
the  contents  of  the  net  shaken  out  into  the  bottle.  After  the  catch  is 
stupefied  the  vial  may  be  turned  out  and  the  undesirable  material  dis- 
carded. A  second  method  consists  in  the  use  of  an  ordinary  sweeping- 
net  of  light  material.  A  quantity  of  Hymenoptera  are  collected  from 
flowers  and  driven  to  the  bottom  of  the  net,  and  secured  as  in  the  pre- 
ceding method.  The  portion  of  the  net  containing  the  insects  is  then, 
by  means  of  a  pair  of  forceps,  thrust  bodily  into  a  large  collecting  bot- 
tle. After  a  few  minutes  the  insects  are  stupefied  and  may  be  readily 
examined. 

COLLECTING  COLEOPTEEA. 

General  Directions. — Owing  to  their  hard  outer  skeleton,  Cole- 
optera  can  be  collected,  handled,  and  preserved  with  greater  safety  and 
with  less  trouble  than  most  other  orders  of  insects.  From  this  fact,  and 
from  their  very  great  diversity  in  form,  Coleoptera  have,  next  to  the 
Lepidoptera,  always  been  favorites.  As  a  consequence,  there  are  now 
more  species  described  in  this  than  in  any  other  order,  and  in  the  large 
museums  they  are  much  better  represented  than  other  insects.  This 
rich  material  has  been  studied  by  numerous  and  competent  specialists, 
and  the  classification  of  Coleoptera  is  at  present  more  advanced  and 
more  accessible  than  that  of  the  other  orders.  This  fact  gives  stimulus 
to  neophytes,  and  thougn  the  literature  of  our  North  American  fauna 
is  much  scattered  and  we  are  still  in  want  of  comprehensive  works 
(with  the  exception  of  the  general  "Classification"  by  Drs.  LeConte 
and  Horn),  yet,  except  m  a  few  hitherto  neglected  families  and  smaller 
groups,  the  species  are  fairly  well  worked  up. 


J 
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On  the  other  hand,  our  knowledge  of  the  earlier  states  of  Oolooptera 
is  yet  very  imperfect  as  compared  with  the  Lepidoptera.  Coleopterous 
larvse  are,  with  few  exceptions  (notably  Coccinellidai  aud  some  Ohrys- 
omelidse),  much  more  difBcult  to  flod  and  rear,  and  their  distinguishing 
characters  are  more  difficult  to  study.  The  few  comprehensive  works 
on  Coleopterous  larvae  that  have  been  published  arc  based  on  rather 
scant  material  and  none  of  them  deal  with  the  North  American  fauna. 

Coleoptera  occur  in  aU  climates  and  in  aU  localities.  Species  are 
known  from  the  highest  northern  latitudes  ever  reached  by  man,  and  in 
the  tropics  they  occur  in  an  embarrassing  richness  of  forms.  They  are 
found  in  the  most  arid  desert  lands,  in  the  depths  of  oui'  subterranean 
caves,  and  on  our  highest  mountains  up  to  the  line  of  eternal  snow. 
Tbe  open  ocean  and  the  open  water  of  our 
Great  Lakes  are  the  only  regions  free  from 
them.  As  a  rule,  tbe  number  of  species  gradu- 
ally increases  from  the  Arctic  regions  toward 
the  tropica,  but  it  would  be  difficult  to  decide, 
speaking  of  !^ortb  America,  whether  or  not  the 
fonna  of  the'Middle  States  is  poorer  iu  the 
nnmber  of  species  than  that  of  the  Southern 
States;  or  whether  thebeetlesof  the  Atlantic 
slope  outnumber  those  of  the  P^ific  States 
or  those  of  the  Central  region.  On  the  Pacific  ^tiitm  ™!t^!  i,  Jd^ 
slope  the  influence  of  tbe  seasons  on  insect  life 

isgreater  than  on  the  Atlantic  slope.  While  in  the  latter  region  a  nnm- 
ber of  species  may  be  found  the  whole  year  round,  there  is,  in  the  more 
arid  regions  of  the  West,  an  abundance  of  insect  life  during  and  shortly 
after  the  rainy  season,  with  great  scarcity  during  the  dry  season,  ex- 
cept, perhaps,  on  the  high  mountains. 

Few  i>ersons  have  had  a  more  extended  experience  in  collecting 
Coleoptera  than  Mr.  E.  A.  Schwiirz,  one  of  my  assistants,  and  the 
following  account  has  been  prepared  by  him  at  my  request  and  is  given 
inejrtenso. 

WiNTKR  CoixECTiKn. — There  are  more  apecies  of  Coleoptera  hiberuatJDg  in  the 
imago  state*  than  ia  any  other  nrdnr  aiicl  winter  collecting  h  tlieiuforo  moat  profit- 
able in  many  renpects.  For  instance,  greut  nwanipy  tracts  which  are  inaccessible  in 
the  Hummer  season  harbor  an  abundance  of  rare  Coleoptera,  which  either  can  not 
be  fuDnd  in  siiiumer  time  or  are  fonnd  ut  that  bouhod  with  the  greatest  difficulty. 
At  Ilie  approach  of  winter,  however,  all  or  luust  of  these  species  will  leave  tbe  swamp 
and  seek  drier  Kronnd,  where  they  hibernate  under  old  leaves,  under  bark  of  trees,  or 
in  rotten  Bturaps  neaitbe  eilgeof  tbeewamp.  Such  places  will,  therefore,  give  a  rich 
barvetit  to  the  Coleopterist  late  in  th<^  fall,  during  warm  spells  in  raidwioter,  and  in 
very  early  spring.  If  the  temperature  is  below  the  freezing  jioint,  or  if  the  ground  is 
frozen  hard,  no  winter  collecting  should  be  attempted,  first,  on  account  of  sanitary 

'There  are  a  few  species  of  Coleoptera  kuown  in  Europe  wiiich  lielong  to  the  true 
"  winter  insects, "  {.  t.  such  us  appear  iu  tlie  imago  state  only  tturing  winter  time, 
bnt  whether  or  not  we  have  sach  species  in  uiir  own  fauna  has  not  yet  been  ascer- 
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ooQsiiieratiiiiui,  ami  u1hi>  biK-»un!  tbe  (.'olcHij)t«rik  th<-n  rutTcut  more  doejily  iutu  Ib« 
^uiiiid  and  can  nut  bi>  fuuud  «o  euHiIy  u«  wlu-u  the  groand  ig  free  from  froet.  Uther 
good  collecting  places  in  winter  are  the  accumulated  old  leaves  along  the  edges  of 
furests  ur  ander  tbe  tihrubbery  along  water  courBeB,  thick  layers  of  mosa,  and  the 
loose  bark  of  deail  or  dying  trees,  and,  linally,  also  under  the  bark  of  certain  living 
trees,  e.  g.  Pinew,  Sycamore,  Shellbark  Hickory.  Digging  in  the  ground  at  the  base 
of  large  trees  or  rocks  also  yii^lds  good  rfturus.  The  only  in«trament«  necessary  for 
winter  collecting  are  the  sieve,  the  chisel,  and  the  trowel. 

Sphiko  Collecting. — With  the  first  days  of  spring,  collecting  becomes  a  little  more 
varied.  The  methods  used  for  winter  collecting  can  still  be  continued  with  good 
snccess.  Certain  spring  flowers,  notably  Willow  blosBoma,  will  furnish  many  valu- 
able species,  which  are  not  seen  a^ain  duriog  tlie  rest  of  the  Hcason. 

HgrmecoptHom  and  Tennitopkilous  sperifa. — The  eurly  spring  is  also  the  best  time  for 
collecting  the   Uyrmecophilous  and  Term!  tophi  In  us    Coleoptera.    Termitophilous 
species  have  in  North  America  hitherto  been  found  only  in  connection  with  the  Wliiti-- 
ante(renn«8jIaDijwa),  andthe  inquilinous  beetles  are  fonndrunningamong  tbe  White- 
ants  in  the  colonies  under  stonus, 
louse  bark  of  trees,  and  more  nomer- 
ously  in  thu  interior  of  old  infested 
trees.     Hyrmecophilous  Coleoptera 
are  by  far  more  uiunerons  in  species 
than  tbeTermitophilons  speriej)  and 
arc  found  among  many  species  of 
ants  which  have  their  nests  either 
under  stones  or  loose  bark  of  trees, 
in  stumps  or  logs,  or  which  con- 
struct larger  or  smaller  hills.  Upon 
uncovering  a  colony  of  ants  under 
»  stone,  the  underside  of  the  latter 
as  well  as  the  gullcries  of  the  ants 
in  the  ground  should  be  carefully 
examined  for  iaqiiilines,  which  frvm 
their   greater   or   slighttir    resem- 
blance to  tlie  ants  are  liable  to  be 
overlooked  by  an  inexperienced  col- 
lector.    If  such  colony  of  ants  har- 
bors a  rare  beetle  the  snbterrnueau  part  of  the  colony  itself  shonld  be  dug  out  and 
sifted,  but  since  from  the  stony  nature  of  the  ground  this  is  not  always  practicable 
it  is  to  be  recommended  to  carefullj'  replace  the  stone  under  which  tbe  colony  has 
l>een  found.     Upon  revisiting  the  spot  agaiu  tbe  neift  day  or  even  a  few  hours  after 
tbe  flrst  visit  additional  8))eciuieiis  of  the  tnquilines  are  usunlly  to  be  obtained  on 
the  stone  or  in  the  superlicial  galleries  of  the  ante.     Ant  colonies  in  hollow  trees  and 
in  rotten  logs  should  1ie  sifted  and  tliere  in  no  particular  difficulty  connected  with 
this  operation.     Owing  to  the  pugnacious  character  of  the  hill-constructing  aiits  it 
would  seem  to  be  a  rather  unpluaHant  task  to  examine  a  strong  and  vigorous  colony 
for  ini)UiHuous  beetles,  but  the  collector  must  not  mind  being  bitten  and  stung  by 
the  infuriated  ants,  and  after  a  little  experience  he  will  find  that  it  is  not  such  a 
difficult  thing  after  all  to  attark  even  the  largest  ant-hill.     The  only  thorough  way 
of  investlgatiug  such  unt-  hills  is  to  sieve  the  same,  which  fan  be  easily  done  if  the 
hill  is  composed  of  sticks  and  other  vegetable  di^br is.     If  it  is  built  of  earth  or  sand 
thi-  ptoccsa  of  sifting  is  wore  difficult  and  ti'dioim.     Another  method  of  sccuriug 
Bperimeus  of  these  iinjuilinuus  l)uetles  is  to  place  flat  stones  or  similar  olijccts  on  the 
surface  of  the  ant-hill  and  to  examine  them  occasionally,  whim  the  beetles  will  be 
found  on  the  uuderaiile  of  the  traps. 

Spring  FliiihU  of  Coteopicra. — Ou  the  iirst  really  warm  days  of  spring  commences 
the  "swaruiing"  scasuu  of  (^oleopteia,  when  all  winged  species  are  flying   about, 


Flo.  M.— A  Lamelllrajrn  (/Vlidnnbi  pvaclatat. 
b.  pixiw ;  e,  beetle ;  d,  t,  f,  enlBrg'xl  P"^> 
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especiaUy  toward  evening.  On  favorable  days  the  number  of  spocimenu  and 
species  that  can  thus  be  fonnd  is  astonishingly  great,  and  this  is  one  of  the  few 
occasions  when  the  Coleopterist  can  a<lvantageously  use  a  light  butterfly  net.  The 
flying  beetles  preferably  alight  and  rest  on  the  top  of  wooden  fences  (especially 
newly  made  ones),  on  the  railings  of  bridges,  etc.,  where  they  can  be  easily  seen  and 
secured,  or  they  are  attracted  in  great  numbers  by  the  white-painted  surface  ol 
buildings.  This  ^ying  season  lasts  in  the  latitude  of  Washington  from  the  end  oi 
April  to  the  middle  of  June,  but  favorable  days  are  not  of  frequent  occurrence,  since 
a  peculiar  combination  of  atmospheric  conditions  appears  to  be  necessary  to  induce 
the  Ooleoptera  to  fly  about  in  great  numbers. 

Beach  collecting, — Along  the  shores  of  the  ocean  and  the  Great  Lakes  untold 
numbers  of  Coleoptera  and  other  insects  fall  at  this  season  into  the  water,  and,  if  the 
tides,  the  currents,  and  the  winds  be  favorable,  they  are  washed  ashore  by  the  waves 
on  the  sandy  beaches,  where  they  often  form  windrows  several  inches  in  height  and 
width.  If  the  collector  is  happy  enough  to  be  at  the  right  place  on  the  right  day 
he  has  then  the  opportunity  to  pick  up  hundreds  of  rare  species  within  a  very  short 
time  and  without  any  trouble.  Many  of  the  specimens  thus  washed  ashore  are  dead 
and  decayed,  but  the  majority  are  alive  and  in  excellent  condition.  This  "  beach 
collecting  "  affords  also  an  excellent  opportunity  for  the  Hymenopterist  and  Hemip- 
terist  to  secure  large  numbers  of  rare  species,  but  favorable  days  are  also  here  of 
rare  occurrence. 

Attracting  by  Lights, — On  the  beaches,  day  and  night  flying  insects  can  thus  be  cap- 
tared.  Away  from  the  beach  night-flying  Coleoptera  can  best  be  collected  at  the 
electric  lights  of  our  cities;  but,  as  in  the  Lepidoptera,  not  all  night-flying  species 
are  attracted  by  the  light.  Gas  and  other  lights  also  attract  Coleoptera,  and  the 
various  **  light  traps"  that  have  been  devised  and  described  can  advantageously  be 
used  for  collecting  these  insects. 

Traps. — The  method  of  *'  sugaring,"  so  important  to  the  Lepidopterist,  is  by  far  les» 
fovorable  for  collecting  Coleoptera.  Still,  certain  rare  CarabidaB,  Elateridffi,  and 
Cerambycidae  are  attracted  by  this  bait,  and  the  Coleopterist 
should  not  entirely  ignore  this  mode  of  collecting.  There  are 
a  few  other  methods  of  trapping  certain  Coleoptera.  By  laying 
out  dead  mammals,  birds,  fishes,  snakes,  etc.,  on  suitable  places 
and  so  that  they  are  protected  from  dogs,  rats,  etc.,  the  carrion- 
feeding  Coleoptera  can  be  found  in  great  abundance,  but  a  cleaner 
and  less  disagreeable  method  of  obtaining  them  is  to  bury  in 
the  ground  tin  cans  or  glass  jars  so  that  the  top  is  even  with 
the  surrounding  ground  and  to  bait  them  with  pieces  of  meat, 
fried  fish,  boiled  eggs,  etc.  Many  Ciu'culionidie,  Scolytidje,  and 
numerous  other  wood-inhabiting  species  can  be  successfully 
trapped  in  the  following  way :  A  number  of  branches,  preferably 
of  only  one  kind  of  tree,  are  cut  and  tied  up  into  bundles  of  con- 
venient size.  The  bundles  are  then  laid  on  the  ground  in  a 
shady  place  or  firmly  fastened  on  trunks  of  trees.  When  the 
cut  branches  begin  to  get  dry  they  will  attract  many  of  these 
Coleoptera,  which  can  then  be  readily  collected  by  shaking  the 
bundles  out  over  the  collecting  cloth. 

Freshets. — Freshets  usually  take  place  in  springtime  in  most  of 
our  rivers  and  creeks,  and  famish  the  means  of  obtaining  a  mul- 
titude of  Coleoptera,  among  which  there  will  be  many  species  which  can  not,  oi 
only  accidentally,  be  found  otherwise.  These  freshets,  sweeping  over  the  low  banks 
or  inundating  wide  stretches  of  low  land,  carry  with  them  all  insects  that  have  been 
caught  by  the  innndation.  Intermingled  with,  and  usually  clinging  to,  the  various 
floating  d^Tbris,  these  insects  are  eventually  washed  ashore  by  the  current  at  various 
poiut-s  and  the  Coleopterist  should  not  miss  this  rare  opportunity,  but  go  out  to  the 


Fio.  65.— An  Elaterid 
(Pyrophorus  noctilu- 
cut).  (From  Pack- 
ard.) 
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river  liank  at  n  time  wIiud  the  water  ie  atill  TiNin);,  ur  at  least  when  it  liaa  attained 
ita  liiglieet  poiat.  Among,  or  on  tbe  washetl  np  ilttbria,  a  mnltitude  of  Coleopterm 
of  various  families  can  be  foDnd,  and  the  speclmeDs  can  either  be  gathered  op  on  tbe 
spot  or  a  quantity  of  tbe  il^brie  be  put  in  sacks  and  taken  home,  where  it  oui  be 
examined  more  tboronghlj  and  with  greater  leisure  than  ont  of  doora.  A  da;  or  so 
after  the  floods  have  receded  the  washed  up  specimens  will  have  diaperaed  aod  only 
a  few  will  remain  in  tbe  debris  for  a  longer  period.  Still  mure  protitkble  than  the 
spring  floods  are  the  summer  freshets,  tiecanse  a  Inrger  and  more  diversified  lot  of 
Coleoptera  ie  then  brought  down  by  the  water.  A  similar  opportonity  for  collecting 
is  ofiered  near  the  aeaaliore  if  unnsually  high  tides  innudate  the  low  niftrahe)i  along 
the  bayons  and  inlets. 

Summer  CoLLKcTiMG. — During  the  latter  part  of  spring  and  thronghont  the  whole 
Biiuiriier,  when  the  vegetatiouisfnily  developed,  every  possible  collecting  method  can 
o  that  the  beginner  bardly  knows  what  particular  method 
>  be  turned  over;  old  logH,  stumps,  and  hollow  trees  to 
be  investigated;  newly  felled  or  wounded  trees  to  be 
carefully  inspected;  here  a  spot  favorable  for  sifting 
claims  attention;  promising  meadows  and  low  herb- 
age in  the  woods  invite  the  use  of  the  sweepiiig  net; 
living  or  dead  branches  of  all  sorts  of  trees  and  sliraba 
to  be  worked  with  the  umbrella;  Uie  mad  or  gravel 
banks  of  ponds,  lakes,  rivers,  and  creeks  afford  excel- 
lent collecting  places ;  the  nnmerons  aqnatic  beetles 
are  to  be  collected  in  the  water  itself;  the  dung  bee- 
tles to  be  extracted  from  their  unsavory  habitations; 
in  the  evening  thn  electric  and  other  ligbta  are  to  be 
visited,  the  lightning  beetles  chased  on  meadows  and 
ill  the  woods,  or  the  wingless  but  luminous  females  of 
HiiRie  species  of  this  family  to  be  looked  for  on  the 
ground,  and  the  trees  and  shmbs  are  to  be  beaten 
after  dark  in  search  of  May  beetles  and  other  noo- 
Fio.  fls—A^Wi^™  (Prions,  tnmal  leaf-feeding  species  which  can  not  be  obUined 
at  daytime;  and,  finally,  some  of  the  rarest  Scara- 
heidie  and  soiiio  other  species  fly  only  late  at  niglit  or  again  only  before  sunrise. 

In  view  of  this  embarrassing  mnltitude  of  collecting  opportunities  in  a  good  local- 
ity, the  beginner  is  apt  to  be  at  a  loss  what  course  to  pnrsue.  Experience  alone 
can  teach  here,  and  only  an  expert  collector  is  able  to  decide,  at  a  glance  at  the  locality 
before  him,  what  collecting  method  is  likely  to  produce  the  beet  results,  and  his 
judgment  will  rarely  be  at  fault. 

It  is  iinpoHsible  to  go  into  details  regarding  the  various  collecting  methods,  jnst 
mentioned,  and  only  a  Tew  general  directions  can  be  given  regarding  thoee  methods 
which  have  not  previously  been  alluded  to. 

Collectinff  under  5foHe«. -'Turning  over  stones  is  a  favorite  method  among  beginners 
and  yields  chiefly  Canibi<lic,  the  larger  Staphylinidte,  certain  Cnrcalionidie,  and  a 
multitude  of  spei:ies  of  other  families.  Stones  on  very  dry  ground  are  productive, 
only  early  in  Hpringor  in  the  fiill,  while  those  on  moist  gronnd,  in  tbe  shade  of  woods, 
are  good  at  nil  seasons.  In  tbe  Alpine  regions  of  onr  mountainous  districts,  espe- 
cially above  the  timlior  lino,  collecting  under  stones  becomes  the  most  important 
method,  and  ix  especially  favoralile  along  tbe  edges  of  enow  fields.  In  often  ttr>- 
quented  localities  the  collector  should  carefully  replace  tbe  stones,  especially  those 
under  which  he  has  found  rare  specimens.  The  neglect  of  this  rule  ia  one  of  tbe 
principal  causes  for  I'ertatn  rare  species  having  become  extinct  in  the  vicinity  of  our 

CollecHng  in  rotlrn  SlHinjii  imd  Logii. — Success  in  collecting  in  rotten  stumps  depends 
much  upon  the  nioro  or  less  ndvunred  Btagc  of  decay  as  well  as  upon  the  ai 
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of  the  log  and  upon  the  particular  kind  of  wood.  If  the  decay  is  very  much  ad> 
yanced  neither  the  loose  bark  nor  the  interior  of  the  log  will  harbor  many  Coleop- 
tera  excepting  a  multitude  of  Pasealus  oomutus  and  its  larvsB.  If  the  decay  is  less 
a<lvanced,  but  if  such  log  is  exposed  to  the  scorching  rays  of  the  sun,  it  will  be  far 
less  productive  than  a  log  in  a  shady  situation.  The  investigation  of  the  bark  of  a 
favorably  situated  log  in  the  right  stage  of  decay  does  not  need  any  special  instruc- 
tion, but  the  decayed  wood  itself  should  be  pried  off  with  a  chisel  or  trowel,  put  in 
the  seive  and  sifted  on  tje  collecting  cloth.  This  is  the  best  way  of  obtaining  the 
numerous  species  of  rare  Micro-coleoptera  of  various  families  that  inhabit  such 
places.  A  ''red  rotten'' oak  or  beech  log  is  more  favorable  for  this  mode  of  col- 
lecting than  a  "white  rotten"  of  the  same  or  other  kinds  of  trees. 

Collecting  in  dying  or  dead  Trees, — Dying  or  dead  trees  almost  always  harbor  a  large 
number  of  Coleoptera  and  offer  an  excellent  collecting  opportunity  until  the  wood 
becomes  thoroughly  dry,  which  usually  takes  place  in  large  trees  two  or  three  years 
after  the  death  of  the  tree,  and  in  less  time  with  smaller  ones.  The  bark  of  such 
trees  is  the  best  collecting  place  for  Cucujid®,  ColydiidaB,  Scolytidae,  HisteridsB,  etc., 
and  it  will  be  found  that  the  shady  side  of  the  tree  is  more  profitable  than  the  side 
exposed  to  the  sun.  The  numerous  Buprestidse,  Elateridse,  Ptinidas,  Cerambycidee, 
MelandryidsB,  etc.,  which  breed  in  the  wood  can  be  obtained  only  with  difficulty. 
Some  specimens  may  be  cut  out  from  their  holes  by  a  skillful  use  of  the  knife  or 
hatchet;  others  (especially  the  Buprestidae)  may  be  found  resting  on  or  crawling 
over  the  trunk  in  the  bright  sunshine,  while  the  more  nocturnal  species  may  be 
found  on  the  tree  toward  evening  or  after  dark,  when,  of  course,  a  lantern  must 
be  used.  A  large  proportion  of  the  species  living  in  the  trunks  of  dead  trees  also 
breed  in  the  dead  branches  of  otherwise  healthy  trees  from  which  they  can  be  beaten 
into  the  umbrella,  or  where  the  use  of  the  knife  is  more  practicable  than  in  the  large 
trunks.  The  trunks  of  freshly  felled  trees  attract  numbers  of  Cerambycidse  and 
Bupre8tid»  and  have  to  be  carefully  looked  over,  while  the  drying  foliage  of  such 
trees  affords  an  excellent  opportunity  for  the  use  of  the  umbrella. 

Beating  living  Trees,  Shrubs,  and  Vines. — ^The  success  of  beating  into  the  um- 
brella branches  of  living  trees  and  shrubs  depends  on  the  particular  kind  of  tree 
or  shrub,  on  the  condition  and  situation  of  these,  and  largely  also  upon  the  season. 
Pine  trees  are  very  productive  from  early  in  the  spring  to  early  in  the  summer,  but 
much  less  so  in  midsummer  and  later  on.  Young  Oak  trees  or  Oak  shrubs  are  much 
more  preferred  by  the  leaf-eating  Coleoptera  peculiar  to  this  tree  than  the  older 
trees.  The  Beech,  which,  next  to  the  Oak,  is  the  best  tree  for  wood-boring  species, 
harbors  but  few  leaf-eating  species.  The  leaves  of  the  Chestnut  are  also  geuerally 
not  attacked  by  Coleoptera;  still  a  surprising  number  of  species  can  be  beaten  from 
this  tree  when  it  is  in  blossom.  There  is  not  a  single  species  of  Coleoptera  known  to 
live  in  the  wood  or  to  feed  on  the  leaves  of  the  Holly  (Ilex  glabra) ;  still  it  will  pay 
the  Coleopterist  to  beat  this  tree  when  it  is  in  bloom.  Trees,  shrubs,  and  vines  in 
the  interior  of  unbroken  forest  districts  are,  as  a  rule,  unproductive,  while  the  edges 
of  the  woods,  narrow  strips  of  hedges,  and  especially  solitary  trees  are  excellent 
collecting  places.  In  the  Rocky  Mountains,  especially  in  the  more  southern  sec- 
tions, long  stretches  of  mountain  slopes  are  occasionally  perfectly  bare  of  vegetation 
with  the  exception  of  a  few  solitary,  sickly-looking,  and  dwarfed  trees,  but  every 
one  of  these  is  a  veritable  gold  mine  to  the  Coleopterist  with  his  umbrella. 

Sweeping, — The  use  of  the  beating  net  continues  profitable  from  spring  till  fall,  a 
different  set  of  species  appearing  with  each  season.  Low  and  swampy  meadows, 
meadows  on  the  slopes  of  mountains  or  surrounded  by  woods,  low  underbrush,  and 
herbage  in  smaller  patches  of  woods  are  very  good  beating  grounds.  Dry  and  sandy 
meadows  are  less  productive,  but  harbor  usually  a  different  set  of  species  on  account 
of  the  difference  in  the  flora.  Pastures  and  meadows  much  frequented  by  flattie  and 
horses  are  much  less  productive,  and  where  a  large  number  of  sheep  are  kept  there 
ic  iicually  no  chance  for  using  the  beating  net,  since  neither  grass  nor  specimens  are 
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left.  The  liiwiis  iD  our  parka  and  giirdens  nre  usually  ]>oor  collecting  ground  on 
account  of  tbe  liniih^d  variety  of  ptiLDts  in  such  places;  but  tho  few  apecies  found 
there  occnr  in  enonnous  number  ol'specimene.  The  endleas  stretchea  of  onr  westem 
prairiea  swumi  at  the  right  BeaHon  (in  .Innc)  with  numemus  Co1uopt«ra  (moatly  Ma- 


lachiidffi,  Chryaomelidie,  Mordellids,  Cnrculionidv,  etc.),  provided  prairie  flrea  havn 
Dot  swept  too  fre<|ueiitly  orer  the  place.  Firea  and  cuttle  produce  a  remarkable 
change  in  the  flora  and  fauna  of  the  prairies;  many  ludigenoua  species  diBappear  or 
become  scarce  and  are  replaced  by  a  much  smaller  number  of  imported  species. 

Sweeping  may  commence  iu  the  forenoon  aa  aoon  ns  tbe  dew  has  disappeared ;  it  is 
leaa  profitable  in  the  hoat  of  the  midday,  but  produces  tbe  best  reanlta  lute  in  the 
afternoon  and  more  capecially  in  tbe  short  interfal  Avm  just  before  sunset  until 
dark.  At  this  time  many  rare  PaelaphidM!  and  Scydnto^nidie.  aperies  of  the  genera 
Colon  auil  Aniaoloma,  sod  other  small  Silphidio  can  be  beaten  from  the  tipaof  grasaea, 
all  being  species  which  can  not,  or  only  accidentally,  be  fonnd  daring  daytime,  when 
tb*!y  hide  between  the  roots  of  plants. 

Collecliaij  on  mud  and  grarel  Banki, — The  mud  or  gravel  hanks  of  rivers,  oreeka,  and 
stagnant  bodies  of  water  are  inhabited,  especially  early  in  summer,  with  an  aatoniah- 
ing multitude  of  Coleoptera.  Countless  specimens  of  smaller  Carabidie  {T>y%iihiriu», 
Clirina,  Bembidium,  Tachya,  etc.)  and  Staphyliuidio  (Taahvuaa,  i'Mfon'Au*,  Jctobiu*, 
Sttttiie,  LatlirobiHTH,  Trogophlmie  and  many  other  genera)  wili  be  seen  actively  run- 
ning over  the  mud  or  eaiid ;  many  other  apecimean  are  hiding  under  tbe  pebbles  in 
company  with  other  specteii  {CrypiohgpnNii,  GeorgKgaa,  etc.)  or  in  little  aabterraneon 
galleries  {DyKhiriat,  IltediuH,  Heleroceraii).  All  these  beetles  must  be  collected  by 
picking  them  up  with  the  fingers,  an  operation  which,  owing  to  the  activity  of  the 
specimens,  requires  some  little  practice.  The  beginner  will  at  first  crush  or  other- 
wise injure  many  of  the  del icute  specimens,  the  capture  of  which  is  moreover  )>y  no 
meiins  fBcilitat«d  by  the  rapidity  with  which  most  of  them  are  able  to  take  wing. , 
Tlie  collector  must  necessarily  kneel  down  and  he  must  nut  mindgetting  covered 
with  mnd.  A  good  dcviui-  for  driving  these  species  out  of  their  galleries  or  from 
their  hiding  places  under  atones  or  in  cracks  of  the  ground  is  to  pour  water  over  the 
banks,  and  this  can  iu  mast  cases  bo  done  with  the  band.  Larger  stones  and 
piocesof  woodorhark  lyiug  on  tbe  bunk  are  favorite  biding  places  of  certain  larger 
Carabidie  (Xebria,  Cklanimi,  I'lalynun,  utc.).  and  should  of  course  he  turned  over. 
Finally,  the  moss  growing  on  rocks  and  logs  close  to  the  water's  edge,  and  in  which, 
besideii  otlier  beetles,  aomi!  rari'Staphyiinidiit  and  the  llyrrliid  genus  f^intnicAtw  can  he 
found,  should  be  sc'rap»l  olFuiid  investigated  on  tbe  roltectiiig  cloth  or  on  thesur- 
&oe  of  u  flat  rock,  if  aneh  be  i-onvunieutly  at  huud. 
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ColUcling  aguatic  Beetle». — The  fishing  for  water  beetles  in  deeper  water  b;  tneuns  of 

tbe  water  aethiu  already  been  alluded  te  (p.  [32]),  but  many  apeciea  live  in  bIihIIow 

brooks  with  atenj  or  gravelly  bottom,  where  the  water  net  can  not  lie  used.    The 

Dytiacidie  and  Uydrophilidie  liviu^j;  in  aurh  places  usually  hide  under  stones,  and  can 

in  most  cases  be  easily  picked  up  with  the  hand,  or  a  little 

tin  dipper  or  a  spoon  will  be  found  coDveuieut  for  ratehmg 

then.     The  species  of  the  family  I'amldie  are  fiiund  un  the 

uudereiile  of  rough  stones  or  logs  which  are  either  partially 

or  entirely  eubmerged.    They  are  more  nnnierouH,  however, 

in  the  moss  or  among  the  roots  of  other  plants  that  grow  in 

the  water.    Such  plants  have  to  be  pulled  out  and  examined 

over  the  collecting  cloth. 
Collecting  at  tfie  Seiuhore  and  on  landy  Plaeet. — A  large 

nnmlter  of  species  belonging  te  various  families  live  exclu- 
sively in  the  vicinity  of  the  ocean,  some   on   the  open 

beach,  others  along  tbe  in1et«,  bayous,  or  salt  marshes,  and 

still  others  on  the  dry  sand  duues.     The  Cicindelte  are 

actively   running  or   flying  about  close   to   the   water's 

edge  and  have  to  be  captured  with  the  butterfly  nut.    Tlie 

remaining  maritime  species  live  bidden  under  tbe  seaweed 

and  other  debris  cost  up  by  the  waves,  or  in  the  sand 

(sometimes  quite  deep  below  the  surface)  beneatii  tbe  A6- 

bns  or  between  the  roots  of  the  plants  growing  on  tbe 

dunes.    The  majority  of  the  maritime  species  do  not  ap- 
pear before  June  (in  the  Middle  States),  but  the  collec'ting     „      es     a   Ti         IkvUe 

remains  gooti  nutil  September.  «^nrt^Io   Kml^ta),  drawn 

In  dry  sandy  places  away  from  the  seushore,  the  collect-     bj- MIbb  SuIUvbd— enlarged. 

ing  at  the  roots  of  plants  is  especially  to  be  recommended, 

and  the  plants,  and  more  especially  the  bunches  of  coarse  grasses  usually  growing 
in  such  places,  should  be  pulled  up  aad 
shaken  out  over  the  collecting  clotb.  This 
mode  of  collecting  acquires  a  great  im- 
portance in  the  arid  regions  of  the  West 
and  Southwest,  where,  in  the  warm  sea- 
sou,  nearly  all  Coleoptera  are  hiding  dur- 
ing daytime  in  the  ground  at  the  roots  of 

Collecting  Dang-betlle*. — The  collecting 
of  the  numerous  species  (Hgdn^hilida, 
Staph j/linida,  Sitleridm,  iScarabieida:,  ete.) 
which  live  in  tlie  droppings  of  various 
animals  is  by  no  means  an  agreeable  task. 
The  collector  shoul  1  provide  hirosulf  with 
a  pointed  stick  and  collecting  tweeiiers, 
and  must  manage  to  pick  up  the  speci- 
mens as  best  he  can.  The  larger  speci- 
mens are  best  collected  in  alcohol,  while 
the  more  delicate  species  can  be  collected 
in  a  cleaner  condition  by  removing  the 
droppings  and  sifting  the  ground  beneath 
the  same.  Some  sjiecii's  hide  deep  in  the 
ground  beneath  the  droppings  and  have 
to  lie  dug  ont.     Sumnxr  freshi-ts,  when 

paatnre  lands  are  inundated,  ofl'cr  uti  excellent  opportunity  for  collecting  the  <lung- 

inbabitiiig  speiueit  in  a  clean  condition. 
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Ifight  ColUetitig. — The  beating  of  trees  and  slirube  after  dark  is  a  good  methoil  of 
obtaining  Lachnostemaa  and  other  spMiies,  and  here  the  collector  will  tlo  nell  to 
Heonre  the  aeaiatance  of  a  companion,  who  takes  charge  iif  the  lantero  aD<I  the  col- 
lecting bottles,  while  the  collector  himself  works  ths  umbrnlla. 

Fall  Collecting.— From  the  first  of  Augiuit  the  numliev  of  species  gTadnallj' 
diminishcB,  but  late  in  the  suinmer  or  earl;  in  jall  quite  a  number  of  other  specits 
make  their  appearance,  e.  g.,  some  Chryaoiuelidffi,  Cerambycidie,  anil  many  Meloiilic. 
Many  of  theee  frequent  the  blnssoma  of  Goldoti-n>ds,  umbel) Iferons  and  other  lale- 
flowering  plants.  The  fall  is  also  the  beat  et^ason  for  collecting  Coleoptera  living  in 
fnngi.  Although  puff-balls,  tuadstooU,  and  tbo  namerons  fungi  and  moulds  growing 
on  eld  trees,  etc.,  furnish  many  species  of  Coleoptera  also  earliir  in  the  season,  ypt 
most  fuugi,  and  more  eapecinlly  the  toadstools,  flourish  best  iu  the  fall,  and  conse- 
qnently  there  iH  then  the  greatest  abundance  of  certain  npeciut  of  Coleoptera.  Decsy- 
tug  toadstools  are  especially  rich,  and  should  be  sifted,  and  tile  collector  should  also 
not  omit  to  examine  the  soil  beneath  them. 

During  the  "Indian  summer"  there  is  usually  a  repetition  of  the  "spring  Higlit" 
of  Coleoptera,  though  on  a  smaller  scale,  and  collecting  on  the  tope  of  fence  posts 
and  on  whitewashed  walls  again  becuiuee  good.  The  flr«t  really  sharp  frost  causes 
these  late  species  to  disappear,  and  winter  collecting  commences  again. 

COLLECTING  LBPIDOPTBEA. 

In  tilia  onler  the  importance  of  collecting  the  early  states  and  of  rear- 
ing the  adult  iii»ect8  rather  than  of  catching  the  latter  shonid,  if  the 
collector  has  the  advancement  of  knowledge  and  the  greatest  pleasure  in 
mind,  be  insisted  upon.     Collected  hihi;!- 
mens,  in  the  majority  of  cases,  will  Ite 
more  or  less  rubbed  or  damageil  aud  un- 
fit for  permaneut  Iceeping,  and  will  al- 
ways be  far  inferior  to  frfwhly  reared 
specimens.    All  Lepidopterists,  tliere- 
fore,  rely  to  a  great  extent  npon  breed- 
ing rather   than   uiHin  field  collecting. 
There  are,   however,   many  speuieH   of 
which  the  early  states  are  still  unknown, 
and  these  can  only  be  taken  by  field  «)1- 
F»,7o.-rh6  EiKht.»potted  ForeHtor    Iccting,  aud  by  attracting  to  various 
{jippia  ttiomaeuiaia).  a.  Urvn;  b.ea.    ijgiitg  or  traps.    This  subjcct,  therefore, 
naturally  falls  into  two  categories — (1) 
the  general  collecting  of  the  adult,  and  (2)  eolle<!ting  the  early  stages 
and  rearing  the  i>crfect  insects. 

Collecting  the  Adult. — The  implements  for  the  general  collecting  of 
butterflies  compri.se  the  collecting  net,  aud  in  some  cases  tlie  beating 
net,  although  the  use  of  the  latter  will  not  often  be  cane<l  for.  The 
Hhopalocera  or  Diurnals  may  be  taken  about  flowers,  and  the  best 
season  is  in  the  early  spring.  Most  of  them  are  double-brooded,  and 
the  second  brood  will  be  in  the  great<(st  abundance  during  July  and 
August.  They  are,  however,  to  be  found  throughout  the  summer. 
They  are  also  to  be  looked  for  iu  the  neighborhood  of  the  food-plants  of 
their  larva;,  and  in  the  case  of  mauy  species,  examination  of  such  plants 
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affords  the  most  satisfactory  meaus  of  collecting.    Tlio  food  of  butterflies 

is  almost  exclusively  tlie  nectar  of  flowers,  but  sti-aiigely  eiiougli  tliey 

are  also  attracted  to  decaying  animal  matter,  and  many  si>ecies,  ioelad- 

ing  rare  forms,  may  be  taken  about  decaying  animal  matter  or  resting 

on  8)M>ts  where  dead  animals  have  laiu,  or  beneath  which  they  have  been 

buried.     Moist  spots  of  earth  are  also  frequented 

by  them,  especially  in  dry  seasons.    Many  of 

the  larger  butterflies,  whose  larvae  feed  on  the 

taller  shrubs  and  the  foliage  of  trees,  will  be 

found  fluttering  about  the  open  spaces  in  forests, 

hot  by  far  the  larger  nwmber,  as  the  Browns, 

the  Blues,  the  Yellows,  and  the  AVhites,  which 

develop  on  the  lower  herbaceous  and  succulent 

]>Iant8,  will  be  found  flying  over  fields,  prairies, 

and  gnrdens.    Crepusailar  and  nocturnal  Lepi- 

doptera,  comprising  moKt  of  the   Heterocera,    F.o.  7i-c„ii«:,i„g  Piu-i™. 

'         fln  ^Pau  bottom  (arigitlAl), 

the  Sphiugidie,  Bombycids,  Noctuids,  etc.,  have 

diSerent  habite.    The  Sphingidie  or  Hawk  Moths  fly  in  early  evening, 
and  may  be  collected  in  quantity  about  such  plants  as  the  Honeysuckle, 
Thistle,  Verbena,  Petunia,  etc.    Tlie  Bombycids  and  many  Noctuids  also 
fly  in  the  early  eveuiug,  but  mostly  at  night.    The  former,  however,  do 
not  fre<inent  flowers,  except  siich  as  are  the  food-plants  ()f  tiieir  larvie, 
as  their  mouthparts  are  rudimentary,  and  they  take  no  nourishmeut. 
(JoUectiug  by  the  aid  of  strong  light  is  a  favorite  means  for  moths 
as   well    as   other  insects,  and 
nowadays  the  electric  lights  in 
all  large  cities  furnish  the  best 
collectiug  pltutes,  and  hundreds 
of  si>eeies  may  be  taken  in  almost 
any  desire^I  quantity.     In  woods 
or  in  other  situations  they  may 
be  attracted  to  a  lantern  or  to  a 
light  placed  in  an  open  window. 
Various  traps  have  been  devised, 
which  comprise  a  lamp  with  ap- 
paratus for  retaining  and  stupe- 
fying the  iuHCcts  attracted  to  the 
light.   The  common  form  is  made 
hy  providing  a  lantern  with  a  strong  n^flector.     Under  the  light  a  fun- 
nel several  inches  larger  than  the  lantern  reaches  down  into  a  box  or 
bottle  containing  the  fiimcs  of  chloroform,  ether,  or  benzine. 

Mr.  Jerome  McNeill  describes  at  length  and  figures  in  the  American 
ifatttralist,  Vol.  xxm,  p.  aC8-270,  an  insect  trap  to  be  used  in  connection 
with  electric  lights.  It  consists  of  a  tin  pail  or  can  charged  with  cya- 
nide atter  the  manner  of  a  collecting  bottle,  which  is  attached  beneath 
the  globe  of  the  electric  light. 
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The  insects  attracted  by  the  light  strike  against  a  vertical  tin  screen 
fixed  above  the  can  and  fall  into  a  tin  fimnel  the  small  end  of  which 
enters  and  closes  the  mouth  of  the  can,  and  they  are  thus  conducted 
into  the  last.  A  supi)ort  or  post  in  the  center  of  the  can  bears  a  hollow 
tin  cone,  the  apex  of  which  is  pierced  with  a  number  of  small  holes  to 
admit  light,  and  enters  and  partly  closes  the  lower  end  of  the  funnel. 
The  entire  interior  of  the  can  is  painted  black  and  the  chief  light  comes 
through  the  holes  in  the  ai)ex  of  the  interior  cone.  The  entrapped  in- 
sects endeavor  to  escape  by  crawling  up  the  central  post  towards  the 
light  coming  tlirough  the  small  holes  in  the  end  of  theccme  rather  than 
by  the  entrance  slit  about  the  latter  and  fall  back  repeatedly  until  over- 
come by  the  cyanide. 

Many  of  the  Lepidoptera  will  be  ruined  by  the  beetles  and  other  in- 
sects or  by  their  own  ineffectual  attempts  to  escape,  but  Coleoptera, 
Hymenoptera,  Neuroptera,  and  Hemiptera  are  secured  in  satisfactory 
condition. 

'  Many  of  the  devices  are  very  complicated  and  can  not  be  described 
in  this  connection.  The  nocturnal  species,  also,  fly  into  our  houses,  and 
this  is  especially,  the  case  in  the  country,  and  an  open  \^indow,  with 
a  strong  light  reflected  onto  a  table  covered  with  either  a  white  paper 
or  a  white  cloth  will  keep  one  busy,  on  favorable  nights,  in  properly 
taking  care  of  the  specimens  thus  attracted. 

Another  favorite  method  of  collecting  moths  early  in  the  evening,  or 
as  !ate  as  or  later  than  midnight,  is  by  sugaring.  This  consists  in  smear- 
ing a  mixture  of  sugar  and  vinegar,  or  some  similar  comi>ound,  on  the 
bark  of  trees  or  on  the  boards  of  fences,  and  visiting  the  spot  from 
time  to  time  to  collect  the  moths  attracted  to  the  bait.  It  has  been 
found  that  the  use  of  beer  or  some  other  alcoholic  liquor,  as  rum  or 
brandy,  with  the  sugar  or  molasses  water,  greatly  adds  to  its  efficiency  in 
attracting  the  moths.  This  method  of  collecting  moths  will  be  found 
especially  efficient  on  warm,  moist,  cloudy  nights.  The  collector  should 
be  provided  with  a  dark  lantern  and  a  good  net,  and  a  number  of  wide- 
mouthed  cyanide  collecting  bottles.  The  smearing  should  be  done  just 
before  dark,  and  I  have  always  found  that  better  success  attends  this 
method  of  collecting  when  two  are  engaged  in  it — one  to  hold  a  ball's 
eye  lantern  while  the  other  bottles  the  specimens.  Experience  will  soon 
teach  the  surest  way  of  approaching  and  capturing  the  specimens. 

For  collecting  Microlepidoptera,  in  Jiddition  to  the  ordinary  net,  some 
special  apparatus  will  be  found  very  essential.  Lord  Walsingbam 
makes  use  of  a  special  glass-bottomed  pill-box,  with  which  to  capture 
specimens,  and  the  satisfactory  nature  of  the  work  done  with  this  box, 
and  the  dexterity  acquired  by  practice  with  it,  I  can  vouch  for  by  per- 
sonal experience.  These  glass  pill-boxes  are  useful,  also,  in  admitting 
of  the  examination  of  specimens,  so  that  worthless  or  common  species 
can  be  discarded  and  only  desired  forms  kept.  The  method  of  holding 
these  boxes  is  illustrated  m  the  accompanying  illustrations.      (Figs. 
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7a,  Hi. )    A  drop  of  cliloroforiii  on  tiie  bottom  of  the  box  at  once  Btupe- 
fies  the  capture  ko  that  it  can  be  taken  out  and  otberwiisc  d»po»ed  of. 

The  necesaity  of  rearing  to  obtain  i»erfect  Hpecimeus  is  eren  more 
imfiortant  in  the  case  of  the  Mierolepidoptera  than  with  the  larger  forms, 
aod  many  species  are  very 
easily  reared  and  can  thus 
be    obtained   in  quantity. 
The   Micros    are    abundant     j 
from  early  spring  to  late  fall     ' 
aboat    shrubbery,  in    open     •' 
fields,  and  along  the  edges 
of  woods.    They  are,  for  the 
most  part,  day  fliers,  being 
on  the  wing  chiefly  in  the 
latter  part  of  the  day  and 
early  evening.    As  soon  as    ^"'' ""^."■.i 
collected  they  should    be 
transferred  to  pill-boxes  and  the  greatest  care  should  be  exercised  to 
avoid  mntilating  them,  as  the  slightest  touch  will  denude  them  of  a 
portion  of  their  scales  or  break  their  limbs  or  autenuie.    Lord  Walsing- 
ham  thus  gives  his  experience  in  collecting  Micros; 

I  go  out  with  a  coat  provided  with  lari;e  pocketa  inside  and  out,  cuntaining  an 
MBortment  of  pill-boses,  generally  of  three  Hizes,  glass-bottomed  pill-boxes  preferred, 
a  bag  sluug  over  my  shoulder,  and  a  net.  UiitesH  searching  for  particular  day-flying 
B)>i«ies,  I  prefer  the  last  three  lioiirn  before  ilark.  As  the  sun  goes  down  many  species 
move  which  <ln  not  stir  at  other  times.  I  watch  the  tops  of  the  grass,  the  stems  of 
the  flowers,  the  twigs  of  the  trees;  I  disturb  leaves  and  tow-growing  plants  with 
a  short  Hwitch  and  socnre  each  little  uiuth  that  moves,  taking  each  out  of  the  net  ia 
a  separate  pill-hox,  selected  according  to  the  size  of  tlie  insect,  us  he  runs  up  the  net 
to  escape.  Transferriug  the  full  boxes  to  the  bag  1  continue  the  process  until  moths 
ceaac  flying  or  night  sets  in.    Many  si)ecieH  can  be  taken  with  a  lamp  afhr  dark. 

Collecting  the  early  States. — The  careful  entomologist  who  prides  him- 
self on  the  appearance  of  his  specimens,  will,  as  stated  above,  rely 
largely  on  collecting  the  early  states  and  on  rearing  the  insects,  for  his 
material.  The  Macrolepidoptera  have  either  a  single  or  two  broods,  or 
more,  in  a  season,  and  the  collection  of  the  early  states  will  bo  greatly 
facilitated  if  a  knowledge  of  the  insect's  life-habits  is  first  obtained. 
The  eggs  are  often  found  on  the  food  plants  of  the  species,  and  where 
they  are  deposited  in  masses  they  artbrd  a  very  easy  method  of  getting 
the  larviB  in  numbers.  In  many  cases,  however,  the  eggs  are  deposited 
mngly  and  their  discovery  then  becomes  a  difBcuIt  matt^^r. 

More  satisfactory  in  some  respects  is  the  method  of  obtaining  the  eggs 
from  captured  gravid  females,  and  the  general  collector  should  always 
be  ou  the  look'mt  for  females  of  rare  species  from  which  he  may  be 
able  to  obtain  eggs.  A  single  battereil  female  may,  in  this  way,  be  the 
fourceoflarge  numbers  of  excellent  n'areds|>ccimenB.  Many  rare  Lepi- 
I  dopterous  larvffi  may  be  obtained  by  the  use  of  the  beating  net  and  by 
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beating;  foliage  over  au  umbrella.  A  very  satisfactory  method  consists 
iu  <;nllectiiig  pui)!e,  which  may  frequently  be  found  ia  numbers  abnat 
the  basen  of  the  trees  oq  which  the  larvee  feed.  Mauy  larvie  of  the 
large  family  of  Owlet  Moths  {Xoctaidw)  are  found  cither  on  the  surface 
of  the  ground  or  under  various  substances,  while  others  barrow  inUi 
the  »<tems  of  the  different  herbaceous  plants,  some  being  subaqoatic  and 
feeding  on  the  underside  of  leaves  or  iu  the  stems  of  aquatic  plants. 
In  the  case  of  Microlepidoptera,  their  habit  as  larvie,  of  mining  leaves 
or  tying  or  webbing  them  together,  affords  an  ea^y  means  of  detecting 
their  presence  iu  most  cases.  The  miners  are  easily  noticed  by  the  dis- 
colored sjiots  on  the  leaves  or  the  wavy,  pale,  or  brown  lines  marking 
their  burrows.  The  presence  of  others  is  indicated  by  the  leaves  being 
drawn  together  and  united  with  webs,  or  withered  and  brown  from  being 
skeletonized  by  the  larvie.  Mauy  species  are  case-bearers,  and  live 
ujion  the  teuvos  and  branches  of  trees  and  plants,  dragging  their  caseo 
along  with  them.  Others  burrow  in  gnisses  or  iu  the  stems  of  plants 
or  the  trunks  of  trees,  or  iu  fungi.  In  the  case  of  the  leaf-miners  and  leaf- 
tiers,  httle  difflcnlty  is  ex^icrienced  in  rearing  the  imagoes. 

The  care  of  the  larvie,  the  outfit  required,  and  the  methods  of  breed- 
ing will  be  described  in  later  sections. 

COLLECTING   DBMIPT&BA. 

For  the  most  part  the  directions  for  collecting  Coleoptera  will  apply 
to  this  order  of  insects  equally  well,  especially  so  far  as  concerns  the 
first  so^tiou  of  the  order  (Ilcteroptera),  and  the  higher 
families  of  the  second  section  (Honiopt«ra).  A  few 
directions  may  be  given  for  the  lower  forms,  indnding 
the  AphididiB,  Coe^adiP,  Alenrodidie,  and  Psyllida,  and 
the  suborder  Panutita,  including  the  degraded  forms 
which  infest  man  and  the  lower  animnls.  The  Plant- 
'  lice  or  Aphides  should  always  be  collected  in  connec 

Fw.  T(.-A  Pmu  Hon  with  their 
"  fooil-plants,  and 
it  is  very  essen- 
tial also  to  collect  the  same  spe- 
cies at  different  seasons  of  the 
year  to  obtain  the  different  forms 
or  generations,  which  frequently 
pR^sent  vcrymarked  differences.  -  » 

It  is  also  very  necessary  to  se-  •""  ''Z^J^^^'^^'J^'^/^^" 
cure  the  wingetl  fonns,  which  are 

usually  pr<Nlu<-ed  toward  autumn,  and  without  which  the  species  are 
nut  easily  identitiinl.  The  Itark  lieu  or  Scalc-insectsshould  alsobe  c«il- 
Iwtwl  iu  connection  with  the  leaves  or  twigs  which  they  infest.  The 
mules  of  these  insiH^ts  arc  minute  and.  as  a  nile,  two- wingctl.  resembling 
small  gnats,  and  may  lie  bre<l  from  the  mule  scidcs.    The  females  are  for 


# 
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the  most  part  stationary,  beiug  fixed  to  the  plant  by  the  protecting, 
waxy,  excretion  or  scale.    The  Flea-lice  {Psyllida)  freqnently  produce 
galls,  and  these  should  always  be  collected  with  the  insot^t  architects. 
Some   species  do  not  pro- 
duce galls,  aud  may  be  col- 
lected by  sweeping.    The 
Hackbeiry  is  infested  by 
large  numbers  of  species  of 
Psyllids,  and  these  produce 
a  great  variety  of  interest- 
ing galls.   The  Alearodldse 
(Fringe-scales)  are  delicate 
insects,  and  easily  injured  ~ 

in  the  takingj  they  are 
therefore  best  reared  from 
theirstationaryandfringed    *■"■ '"—'"'«  KedLm;  {AmtiWio  icHniana  .  «.  y..iius;  ft, 

,  ,  '  ,  .    ,  miull— flulBTgvd. 

larvie  and  jiupfe,  which  oc- 
cur on  the  leaves  of  many  plants.     Leaves  bearing  tlie  latter  should  aliw 
be  collected  and  pinned  or  preserved  in  alcohol.    The  Parasita,  the 


^ 


4  of  egg  greatly  euUrgHl. 


lowest  representatives  of  the  order,  may  be  obtained  fn»ui  ttie  domestic 
and  wild  animals  which  they  infest. 

COLLECTING  DIPTEBA. 

Most  Diptera  frequent  flowers  and  may  be  collected  with  a  sweeping 
net  without  much  difiicalty.  The  best  season  is  from  April  to  June, 
and  the  bloom  of  the  Willow,  Alder,  Plum,  Cherry,  Dogwood,  Black- 
berry, etc.,  wUl  ordinarily  yield  a  bountiful  supply  of  specimens  and 
species.  Parasitic  and  saprophytic  forms  may  also  readily  be  obtained 
by  breeding,  the  former  as  in  the  case  of  the  parasitic  Hymeiioptera,  and 
the  latter  from  decaying  vegetable  matter  and  fungi.    The  Diptera 
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require  tlie  must  cUrlieate  trt^ituieiit,  and  tlu^  greatest  cjare  luuKt  be 
exerciueil  botli  iii  collectiug  and  Landling.     A  light  sweep  net  is  the 

best  implement  for  collecting  anil  tbe 

eouteuts  of  tbe  uet  should  frequently 

be  emptied  into  bottles  provided  with 

blotting  pa])er  to  absorb  tbe  excess  of 

moisture.    Very  small  Dlptera  should 

not  be   killed  when 

tlieycaniiotbeimme-  ,  « 

diately  i>inned,  and 

liairy  flies  should 

never  be  taken  from 

thenetwitb  thehand, 

but  should  be  han<  lied 

witb  fine  forceps.    A 
pair  of  s^tecial  collecting  shears  has  been  used  by 
Lord  Walsingham  very  suciressfiilly.    It   is   rei)re- 
sented  in  the  accompanying  figure,  and  consists  of 
a  pair  of  s(!reen-covered  disks,  between  which  the  fly 
is  caught.    The  insect  is  at  once  pinned  tlirough  the    fiq.  m-The  coiiecung 
screen  and  may  be  removed  and  transfen'e*!  to  a      t'Ttt^/*^""^™" 
box  containing  a  s)K>nge  soaked  in  chloroform.    Tlie 
use  of  this  im])]emciit  is  especially  advisable  in  tbe  case  of  the  Bee-flies 
fBombiliidaJ  and  other  hairy  forms  which  aie  liable  to  be  rubbed  when 


Flo.  M.— A  Bee-fly  (JiKAroa  Rj/jmiimIju).    n,  liu-va  frum  iilcln:  6,  pulinl  Bidiipn.Iruflingfroiii  cutwin™ 
clirysallm  c,  piipn;  d,  iningo— nil  unlargmll. 

collected  in  the  ordinary  net.  The  Gall -making  Dliitera  f  CeddomyidaJ 
are  of  little  value  unless  accompanied  with  their  galls,  and  tlie  aim 
should  always  be  to  collect  the  galls  and  rear  the  insects  rather  than 
the  keeping  of  specimens  tiiken  in  the  <;oiu'se  of  general  collecting  with 
a  sweep  net.  The  tearing  of  (Vcidomyidie  is,  however,  a  delicate  task, 
and  requires  considerable  experience.     Some  knowledge  of  the  habits 
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;>f  the  s[>ecies  is  very  essential  to  siivcess.  From  immature  (jiills  no 
rearhigs  need  l>c  exiKMjted,  A  good  plan  i»  to  exumiiie  tlie  galls  from 
timo  to  time  and  collect  them  when  it  in  founil 
thiit  the  larvee  are  beginning  to  abandon  them. 
In  the  case  of  species  like  the  common  Cone  Gall- 
gnat  of  the  Willow,  the  larvie  of  which  ilo  Dot 
leave  the  gall  to  undergo  transformation  in  the  ^ 

earth,  it  is   advisable   not  Ut  gather  the  galls 
until  the  transformation  to  the  pupa  state  takes 
pliice,  which,  in   this   species,  occui's    in   early      fio.  8i.-a  syrphus-fly. 
spring.    The  various  leaf-mioiug  and  se<^d  inhabiting  species  can  he 
treated  as  in  the  case  of  the  Microlepidoptera. 

COLLEOTING    ORTHOPTEEA. 

The  insects  of  this  order  may  all  he  collected  by  the  use  of  the  sweep- 
ing net.  Some  of  the  families  are  attraj^ted  Ut  light,  as  certain  of  the 
roaches  and  green  locasts,  or  Katydids  {Locu«tid<e).  Our  common 
roaches  {BlattiAc)  are  cosmopolitan  insects,  and  infe3t  dwellings. 
Certain  species  are  also  found  about  ponds,  under  rotten  logs,  the  bark  of 
trees,  and  particularly  in  decaying  vegetable  matter.  In  the  tropica  the 
species  are  very  abundant,  but  aside  from  the  domestic  forms,  they 
occnr  rarely  in  northern  latitudes.  The  collection  of  the  egg-cases 
(oStheca)  is  important  as  they  furnish  many  interesting  characters. 
The  Maatidie,  of  which  the  Preying  Mantis  fPha»momanfis  carolinaj  is 


Fia.  SZ.— A  bllDiI  CHokel  (Hotlsnatnu)  tVum  Uimiiiiath  Cftve.    {Fram  Packard. 


a  type,  are  sluggish,  carnivorous  insects  frequently  found  about  houses 
and  may  best  be  collected  by  general  sweeping  of  vegetation.  The 
Phasmidie  or  Walking-sticks  are  herbivorous  and  may  be  collected  in  the 
m!dst  of  vegetation  by  sweeping  or  by  the  hand.  The  crickets  {Oryl- 
lidm)  frequent,  for  the  most  part,  moist  situations.  Certain  forms,  like 
the  Mole-cricket  and  the  Jumping  Water- crickets  [Trydactylus  spp.), 
burrow  ia  moist  soil  aud  occur  in  numbers  near  the  edges  of  ponds  and 
water  courses.  The  katydids  and  locusts  are  abundant  on  low  shrubs 
or  trees  and  in  pasture  and  meadow  laud,  but  are  most  numerous  in 
the  somewhat  dry,  arid  regions  of  the  West.     Most  of  these  insects 
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mature  iii  late  summer  and  fall  aud  should  be  collected  at  this  season. 
The  ForficulidtB  or  Earwigs  are  very  odd-looking  iusects,  resembliog 
somewhat  the  Bove-beetles  {Stapkilinida),  and  are  provided  with  a 
prominent  anal  forceps.  They  are  very  rare  in  the  United  States,  are 
nocturnal  in  Iiabit;  and,  flying  abont  at  dusli,  may  be  attracted  to  light 
or  ma^be  secured  by  sweeping  after  uightfalt.  They  feed  on  flowers 
and  fhiit. 

COLLEOTING  MEUBOFTEBA. 

As  indicated  in  the  preliminary  outline  of  classification,  this  large 
order  has  been  divided  into  many  orders  by  later  entomologists.     It  has 
also  been  divided,  as  indicated,  into  two  grand  divisions,  the  Pseudo- 
nenropt«ra,  comprising  those  insects  with  incomplete  transformations, 
and  the  Neuropt«ra  proper,  comprising  those  insects  whose  metamor- 
phoses are  complete.   It  will  be  (convenient  to  discuss  these 
insects  under  these  two  heads. 
Paeudoneuropiera. — Spriug-tails,  Bird-lice,  Stone-flies, 
,  White-ants,  Dragon-flies,  May-flies. 

The  Spring-tails,  Fish-moths,   etc.,  representing  the 
primitive  stock  from  which  the  higher  forms  have  de- 
veloped, have  a  varied  habit  and  hence  are  to  be  found 
in  divers  situations.    The  Spring-tails  {GoUembota^  etc.), 
occur  in  damp  and  moist  places,  usually  in  immense  uarn- 
bers.     The  Fisb-moths  and  Book-mites 
are  common  household  pests,  but  also 
PiQ.«3,'A'spHng.    occur  outdoors  under  logs,  boards, 
t«ii  (Onffw™    bricks,  and  rubbish  of  all  mita.    In 
'*'       '        houses  they  feed  on  the  starch  paste  be- 
neath wall-paper  aod  also  on  the  starch  in  bookbind- 
ings and  other  domestic  articles.    They  may  be  col- 
lected at  all  seasons  and  a  sieve  is  the  only  implement 
necessary.  f™. m-a  MaUopi.. 

The  Bird-lice  or  Mallopbaga  may  be  collected  at  all  agan  {TritimUttu 
seasons  on  birds  and  mammals.  A  number  of  species  laivy.  (Attn 
infest  domestic  animals,  horses,  cattle,  etc.,  but  the  ^'' 

m^ority  of  them  can  be  found  only  by  the  examination  of  domestic 
fowls  and  wild  birds.  The  Stone-flies  (Perlida)  are  found  in  the  neigh- 
borhood of  water  courses  and  ponds,  are  very  sluggish  in  fijght,  and 
easily  captured  with  the  sweep-net.  They  are  also  attracted  to  light. 
The  Psocidfe  are  a  small  family  of  certain  degraded  wingless  forms, 
comprising  the  Book-lice,  which,  as  the  name  implies,  infest  books,  feed- 
ing on  the  starch  of  the  binding.  Others  have  ample  wings  aud  closely 
resemble  large  Aphidee.  They  occur  on  the  trunks  of  trees  and  on 
fnbage,  and  feed  on  lichens  and  other  dried  vegetable  matter.  Tliey 
are  gregarious  in  habit  and  frequently  ocrur  in  immense  nunibeis 
together.    In  the  case  of  the  Termitidm  or  White-ants,  their  abundance 
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renders  their  collection  an  easy  matter.     Effort,  however,  should  be 
made  to  discover  the  different  forms,  the  females  and  soldiers  as  well  as 
the  workers.    The  former  may  be  foaud  in  rot- 
ten tree  trunks,  but  are  very  rarely  met  with. 
In  the  tropics  many  specie:^  occur  and  constmct 
cnrions  nests,  either  attaching  them  to  t'.ie 
boughs  of  trees  or  building  them  in  the  form  ol' 
pyramids  on  the  ground.     The  Dragon-flies  ( /,,*■ 
bellulidte,)  are  collected  iu  the  same  way  as  the 
Dinrnal    Lepidoptera.    They    are   very   swift 
flyers,  and  are  practically  always  on  the  wiap. 
Their  collection  requires  some  degree  of  skill 
in  the  use  of  the  net.    A  good  method  consists 
in  visiting,  in  the  early  morning,  water  courses 
in  which  the  larval  and  pnpal  states  are  passed, 
and  captnringtheadultsjnstasthey  issuefrom 
their  pu]ial  skins  at  the  edges  of  the  pond  or 
stream.    In  cold  weather  they  are  less  active 
and  may  frequently  be  found  chnging  to  trees 
and  plants,  particularly  in  the  vicinity  of  their 
breeding  places.    May-flies  (Epkemeridw)  occur 
in  immense 
uumbers 
near   their 
breeding 
places    in 
ponds  and 
streams  and 
are  also  attrai^ted  in  large  quantities 
to  electric  lights.     Their  collection 

8  therefore  an  easy  matter,  but  on 

account  of  the  very  Iragile  nature  of 
these  insects  the  utmost  care  must  be  employed  in  handling  them.     The 
early  states  of  all  the  aquatic  forms  mentioned  above  may  he  obtained 
for  breeding  hy  the  use  of  the  dip  net  by  dragging 
it  forcibly  against  water  plants. 

Jfeuroptera  proper  (Hellgrammites,  Lace-wings, 
Ant-lions,  Caddis-flies,  etc.)^Aniong  the  larg- 
est insects  of  this  order  are  the  Sialidie,  which  in- 
cludes the  enormous  Hellgrammtte  Fly,  Corydalus 
comutus.  The  larvje  of  this  insect  are  carnivorous 
uid  occur  in  streams,  under  stones,  etc.  The 
adults  may  be  collected  in  neighboring  situations 
and  are  also  attracted  to  light.  The  Lacc-wing 
flies  (Chrysopa),  Ant-lions,  etc.,  are  carnivorous  as  larvie,  and  occur, 
the  former  among  the  Aphides  which  infest  various  plants  and  the  latter 


a  Maj-fly  (, 
c.  Itslorvn; 
Caildis-fly  (MncrmKma  z« 


—A.   Dragon-fly     (LtMIiila),      (From 
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at  the  bottom  of  jnts  in  loose,  sandy  soil.  The  adults  may  be  obtained 
by  general  sweeping  and  are  also  attracted  to  light.  The  most  inter- 
esting insects  of  this  or- 
der are  the  Gaddis-flies, 
on  account  of  the  j^eca- 
liar  and  frequently  very 
beautiful  cases  con- 
structed by  their  larvae, 
which  it  is  important  to 
collect.  The  Caddis-flies 
breed  in  ponds  and  lakes 

FiQ.  88._An  ABt-Uon.  adult  (Mymuleon).    (From  Packanl.)        ^^^  ^^^  ^^^^  ^^^^  ^  ^^- 

lected  in  such  situations 
or  at  light.  The  larvae  may  easily  be  reared,  and  should  be  collected 
for  this  purpose.  Most  of  the  insects  named  in  this  order  are  extremely 
delicate  and  require  great  care  in  handling. 

*  KILLING  AOT)  PRESERVING  IKSEGTS. 

"Between  the  (collecting  of  the  specimens  and  their  final  disposition 
in  a  well-arranged  cabinet,  a  good  deal  of  mechanical  work  is  necessary, 
involving  a  skill  and  dexterity  which  can  be  thoroughly  acquired  only 
by  practice. 

First  Preservation  of  living  Specimens. — ^Larvae,  pupae,  or 
imagoes,  intended  for  rearing  purposes,  must  be  kept  alive,  and  are  best 
placed,  after  capture,  in  tin  boxes  of  various  sizes,  according  to  the  num- 
ber of  si)ecimens  to  be  put  in  each  and  a€cording  to  the  size  or  nature 
of  the  food  plant,  etc.,  on  or  in  which  the  specimens  are  found,  and  of 
which  a  quantity  must  always  be  taken  home.  For  larger  tin  boxes 
those  known  as  "  Seidlitz  i)owder  boxes,"  described  and  figured  below, 
which  can  be  made  to  order  at  any  tinner's  shop,  are  well  adapted,  and 
smaller  tin  boxes  of  a  convenient  round  form  can  be  obtained  of  the 
watchmaker.  The  collector  will  find  it  advisable  to  take  with  him  on 
his  longer  jaunts  a  larger  tin  collecting  box  as  well  as  the  smaller  boxes, 
and  for  this  purpose  nothing  is  better  than  a  good  botanist's  collecting 
can  or  vasculum.  All  tin  boxes  used  for  entomological  purposes  should 
be  tight,  and  the  cover  should  so  fit  that  it  neither  drops  off*  too  readily 
nor  closes  too  tightly.  Larvae  of  Lepidoptera  and  Tenthredinidae  should 
be  placed  in  a  box  with  a  quantity  of  the  leaves  of  the  plant  on  which 
they  were  found.  Larvae,  especially  of  Coleoptera,  found  in  the  e^rth  or 
in  decayed  wood,  should  be  placed  in  a  box  filled  with  such  earth  or 
wood,  so  as  to  prevent  shaking  or  rattling  about.  Larvae  found  in  roots 
or  stems  of  living  i)lants  can  generally  be  reared  to  maturity  only  if 
tlie  whole  plant  with  a  quantity  of  the  surrounding  soil  is  taken  home, 
and  for  this  puri>ose  the  large  collecting  box,  just  mentioned,  is  very 
useful.  Most  Coleopterous  or  other  larva?  found  under  bark  or  in  solid 
wood  can  be  reared  only  if  large  sections  of  the  wood  are  obtained 
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and  the  larvae  are  ftill  grown  or  nearly  so.  This  holds  true,  also,  of  8i>e- 
cies  breeding  in  seeds  and  with  most  lesif-mining  species.  The  greatest 
difficulty  is  exi>erienced  with  carnivorous  Coleopterous  larvae,  and  care 
should  be  taken  with  such  not  to  inclose  two  or  more  specimens  in  one 
box.  Most  larvae  die  quickly  if  pliice^l  in  an  empty  box,  and  this  is 
especially  true  of  predaceous  species;  so  that  it  is  always  advisable  to 
pack  the  box  with  moist  soil,  decaying  wood,  leaves  or  other  similar 
substance.  Aquatic  larvae  should  be  cairied  in  tin  boxes  filled  with 
wet  moss  or  some  water  plant,  for,  if  placed  in  corked  vials  with  water, 
they  die  quickly. 

Killing  Specimens. — Specimens  not  intended  for  rearing  should  be 
killed  immediately  after  capture  unless  for  each  specimen  a  separate 
vial  or  box  can  be  provided.  If  a  number  of  miscellaneous  insects  are 
put  in  the  same  vial  the  stronger  specimens  will,  in  a  short  time,  crush 
or  otherwise  injure  the  more  delicate  ones  or  the  predaceous  species  will 
devour  any  others  they  can  master.  But  even  where  the  specimens 
are  killed  immediately  the  following  rule  should  be  observed:  Do  not 
put  large  and  small  specimens  in  the  same  vial,  but  provide  a  larger 
bottle  for  th^  larger  specimens,  and  one,  or  still  better,  several,  smaller 
vials  for  the  medium-sized  and  very  small  specimens.  Tlie  importance 
of  this  rule  is  recognized  by  all  experienced  collectors. 

There  are  several  methods  of  killing  insects,  each  having  it«  own 
peculiar  advantages  and  drawbacks. 

Alcohol. — The  use  of  alcohol  will,  on  the  whole,  prove  the  most  satis- 
factory method  of  killing  Coleoptera,  many  Hemlptera,  some  Neurop- 
tera,  and  larvae  of  all  sorts.  Only  the  best  quality  of  alcohol  should 
be  used,  but  it  should  be  diluted  with  from  30  to  40  per  cent  of  pure 
water,  the  greatest  care  being  taken  to  keep  the  alcohol  as  clean 
as  possible.  During  the  collecting  a  mass  of  debris  and  dirt  is  apt  to 
be  thrown  into  the  bottle,  and  when  this  is  the  case  the  alcohol 
should  be  changed  even  during  short  excursions.  At  any  rate,  upon 
the  return  from  the  excursion,  the  specimens  should  be  at  once  taken 
from  the  bottle  and  washed  in  pure  alcohol  in  a  shallow  vessel.  The 
larvae  and  other  material  intended  for  permanent  preservation  in  alcohol 
should  be  transferred  to  sjiitable  vials  and  the  material  to  be  mounted 
cleansed  with  chloroform  or  acetic  ether  and  then  prepared  for  the 
cabinet.  If  it  is  inconvenient  or  impossible  to  mount  the  Coleoptera, 
etc.,  soon  after  the  return  from  the  excursion  they  should  be  washed, 
dried,  and  placed  in  pill  boxes  between  layers  of  soft  pai>er,  or  they  may 
be  replaced  in  a  vial  with  pure  alcohol.  On  longer  collecting  trips, 
lasting  several  days  or  weeks,  specimens  will  keep  thus  very  well,  pro- 
vided they  are  not  shaken  up,  and  this  can  be  prevented  by  filling  the 
empty  space  in  the  vial  with  cotton  or  soft  paper.  If  the  bottle  is  a 
large  one  and  contains  many  large  specimens  the  alcohol  should  be 
renewed  three  or  four  times  at  intervals  of  eight  or  ten  days;  other- 
wise the  specimens  are  liable  to  decompose.     Small  and  delicate  speci- 
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meiid,  if  tbey  are  to  be  kept  iu  alcohol,  should  be  treated  with  stdl 
greater  care.  Upon  the  return  from  the  excarsion  they  should  also 
be  cleaued  itt  pure  alcohol  and  placed  in  small  vials  into  which  a 
very  few  drops  of  alcohol,  just  sufficient  to  keep  the  contents  moist,  are 
poure4l.  The  vial  should  be  corked  as  tightly  as  possible  and  the  spec- 
imens will  keep  pretty  well  for  an  indefinite  time. 

Tlic  drawbacks  to  the  use  of  alcohol  are:  Ist,  that  all  hairy  sx>eci- 
mens  are  liable  to  s{H>il ;  2ndly,  that  all  Coleoptera  with  soft  integu- 
ments spread  the  wing-cases  apart  if  kept  too  long  in  it.  The  advau- 
tagc  of  tlie  alcohol  is  that  it  is  the  simplest  and  least  tronblesome  fluid 
for  naturalists  traveling  in  distant  countries  who  are  not 'specialists  in 
entomology.  Specimens  killed  in  alcohol  are  also  less  liable  to  be 
attaiiked  by  verdigris  when  pinned  than  those  killed  by  some  other 
method.  Rum,  whisky,  or  similar  strong  alcoholic  liquors  may  be  used 
as  substitutes  where  no  pure  alcohol  can  be  obtained,  but  are  not 
especially  to  be  recommended. 

Chloroform  and  Ether. — Killing  with  the  fumes  of  chloroform  or  ether 
(sulphuric  or  acetic)  or  benzine,  or  some  other  etheric  oil,  is  often  prac- 
ticed and  advocated  by  those  who,  for  any  reason,  dislike  the  use  of 
alcohol  or  object,  on  account  of  its  iK>isonous  na- 
ture, to  the  use  of  cyanide  of  jratassium,  and  they 
are  of  especial  value  in  the  case  of  butterflies  and 
moths,  Hymenoptera  and  Diptera.  "A  small  and 
stout  bottle  of  chloroform  or  ether,  with  a  brush  se- 
curely inserted  into  the  cork  (Fig.  89),  will  be  found 
very  serviceable.  A  slight  moistening  through  the 
air  not  will  stupefy  most  insects  caught  in  it,  and 
facilitate  their  removal  to  the  cyanide  bottle ;  while 
a  touch  or  two  with  the  wet  brush  under  the  head 
and  thorax,  will  kill  the  more  delicate  specimens 
outright,  without  in  the  least  ii^uring  them.  An- 
other way  of  using  chloroform  is  by  meansof  a  small, 
hollow  tube  passed  through  the  cork,  what  is  called 
jewt'lcr's  hollow  wire  answering  the  purpose.    The 

liquid  evaporates  more  readily  in  such  a  bottle,  and 

^^'  ub  w^i"  b^"™""'  ^  altogether  prefer  the  first  mentioned.  Some  large 
insects,  and  especially  female  motha,  whose  size 
prevents  the  use  of  the  ordinary  cyanide  bottles,  are  difficult  to  kilL 
With  these,  fluttering  may  be  prevented  by  the  use  of  chloroform,  or  they 
may  be  killed  by  puncturing  the  thorax  or  piercing  the  body  longitudi- 
nally, with  a  needle  dipped  iu  liquid  cyanide,  or  oxalic  acid.  A  long 
bottle  witii  a  ncetlle  thrust  into  the  cork  may  be  kept  for  this  purpose; 
but  the  needle  must  be  of  ivory  or  bone,  as  those  of  metal  are  corroded 
and  eaten  by  the  liquids.    •     •    • 

"  For  killing  small  and  delicat*  moths  which  have  been  bred,  I  flnd 
nothing  more  haudy  than  chloroform.    They  may  be  caught  in  turned 
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wooden  boxes  wliieh  are  kept  by  every  druggist;  and  a  touisli  of  the 
clUcroforni  on  tUe  outside  of  the  box  iiumediatcly  «tupefleH  tliem.     It 
lias  a  tendency  to  stiffen  them,  however,  and  they  are  bet^t 
set  immediately  after  death." 

A.  piece  of  heavy  blotting  paper  or  heavy  eloth  soaked 
witli  chlorotbrm  or  ether  or  benzine  and  placed  at  the  bot- 
tom of  a  jar  or  bottle  makes  an  excellent  killing  liottle 
for  large-sized  insects.  For  smaller  specimens  the  collecting 
vial  Hhould  be  half  filled  loosely  with  narrow  strips  of  soft 
paper,  upon  which  a  few  drops  of  the  liquid  are  poured, 
not  so  much,  however,  as  to  wet  the  paper.  While  collect- 
ing, the  vial  must  be  kept  closed  as  much  as  possible. 
Some  collectors  prefer  chloroform,  others  ether.  If  this 
method  of  killing  is  practiced  with  the  necessary  care,  there 

is  no  objection  whatever  to  it;  fio.  9o.~Bottie 
the  specimens  are  not  wetted  a^  *'*''  "i"'^ 
they  are  in  alcohol,  and  remain  ''^"'' 
cleaner  than  those  killed  by  any  other 
method.  The  drawback  is  that  the  sub- 
stances mentioned  evaporate  very  rapidly 
and  have  to  be  renewed  even  on  short  ex- 
cursions. On  aecoant  of  this  great  volatil- 
ity, one  can  never  be  certain  that  all  the 
specimens  in  the  collecting  bottle  are  dead 
after  a  given  time  and  there  is  always  some 
danger  that  one  or  the  other  of  the  hardier 
insects  may  regain  activity.  What  mis- 
cliief  such  revived  specimens  are  capable 
of  doing,  many  collectors  have  experienced 
to  their  sorrow.  Another  disadvantage  of 
these  volatile  substances  is  that  if  used  in 
too  large  quantities  they  will,  in  delicate 
sx>ecimen8,  especially  beetles,  cause  an  ex- 
tension of  the  soft  ligaments  between  the 
head  and  prothorax  or  between  the  latter 
and  the  mesothorax^  and  thus  bring  the 
specimen  into  an  unnatural  position,  or  eaose 
the  head,  or  head  and  thorax  to  drop  off. 

Cyanide  of  Potannium, — The   method  of 
killing  which,  of  late  years,  has  found  most 
favor  with  collectors,  is  the  use  of  cyanide 
of  potassium.    For  killing  large  sized  speci- 
mens they  are  simply  put  in  what  is  now 
nnlversalty  known  as  the  "  cyanide  bottle."    This  may  be  constructed 
as  follows: 
Take  a  2-ounce  cjuiniue  bottle,  or  still  better  a  shorter  bottle  with  a 
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wide  iiioatli ;  break  up  a  quantity  of  cyanide  of  potassium  into  pieces 
of  convenieut  size  (about  a  cubic  centimeter);  put  tliese  pieces  in  the 
bottle  so  tliat  they  form  an  even  layer  at  the  bottom;  mix  in  a  con- 
venient vesHcl  a  quantity  of  plaster  of  Paris  with  water  ju«t  sufficient 
to  make  tlte  mixture  semifluid  and  then  pour  it  over  tlie  cyanide  so  as 
to  cover  this  last  to  a  depth  of  about  5  millimeters.    Tlie  bottle  is  then 
left  open  for  an  hour  or  two  until  the  plaster  is  thor- 
ronghly  dry.      The  walls   of  the    bottle  are   then 
elean»e<I  from  jtarticles  of  the  plaster  which  may" 
have  splashed  on  them,  and  the  bottle  is  ready  for 
use.    If  not  used  too  firequently,  especially  in  warm 
weather,  it  will  last  for  an  entire  year  or  longer.    Bot- 
tles or  vials  of  different  sizes  cau  he  prepared  in  the 
same  way,  and  ,a  very  small  cyanide  vial  which  con 
be  carried  in  the  vest  pocket  will  be  found  most 
convenient  for  use  on  all  occasions.     Fig.  92  repre- 
sents a  medium-sized  chemist's  test  tube,  converted 
into  a  very  convenient  cyanide  bottle,  in   which, 
however,  a  cotton  wad  has  been  used  to  keep  the  poi- 
son in  place.    When  the  collected  specimens  have 
been  ivmoved  from  the  bottle  the  latter  should  be 
carefully  wiped  clean  with  a  piece  of  cloth  or  paper. 
The  surface  of  the  plaster  soon  becomes  dirty  and, 
on  account  of  the  hygroscopic  property  of  the  cyan- 
ide, moi'e   or  less   moist,  especially  during  warm 
weather.    The  cyanide  bottle  is,  therefore,  not  well 
adapted  for  the  killing  and  temporary  prescrvatiou 
of  small  and  delicate  specimens.    This  difficulty  can 
be  alt<)gether  ohviat«d  by  placing  a  circular  piece  of 
blotting  paper,  cut  to  neatly  fit  the  interior  of  the 
bottle,  on  the  surface  of  the  plaster.    This  can  be 
Fio.e2.-p«jketcyBiiWe    renewed  once  a  week  or  so,  or  oftener  if  it  becomes 
necessary.     It   will  frequently  be  atlvisable,   also, 
especially  in  the  collection  of  Diptera,  Hymeuoptera,  and  other  deli- 
cate insects,  to  put  a  ritrip  of  blotting  paper  partially  round  the  inner 
side  of  the  bottle.     This  will  absorb  any  moisture  which  may  gather 
on  the  inside  of  the  bottle  and  which  would  otherwise  wet  and  ii^ure 
the  specimens.     The  accompanying  figure  (Fig.  93)  illustrates  a  bottle 
arranged  as  described  above.    A  similar  resnlt  is  attained  by  some  col- 
lectors by  partially  tilling  the  bottle  with  narn>w  strips  of  bibulous 
paper  to  support  and  separate  the  insects  as  shown  at  Fig.  91. 

For  delicate  specimens,  also,  the  collecting  bottle  may  consist  of  a  test- 
tube  of  about  the  size  of  Fig.  92.  This  is  half  filled  with  loose,  thin 
strips  of  soft  white  paper.  A  piece  of  cyanide  alwut  the  size  of  a  pea 
is  then  wrappeil  carefully  in  paper  and  «o  plju^ed  in  the  middle  of  the 
strips  that  it  can  not  come  in  coutaet  with  the  sides  of  the  glass. 
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Some  prefer  to  pin  the  paper  containing  the  cyanide  to  the  lower  surfiEtce 
of  the  cork.  The  latter  should  be  rather  short  and  tapering  toward 
its  lower  end.    It  is  longitudinally  perforated  through  its  center  by  a 

round  hole  just  large  enough  to  insert  a 
goose-quill,  which  is  cut  straight  at  the  lower 
end  and  obliquely  at  its  upper  end.  By 
means  of  this  goose-quill  the  specimens  may 
be  introduced  into  the  bottle  without  taking 
off  the  cork.  This  form  of  cyanide  bottle 
lasts  for  only  one  day's  collecting,  except  in 
cold  weather,  and  in  very  warm  weather  it 
is  advisable  to  take  two  prepared  bottles 
along,  so  that  the  first  used  can  be  stowed 
away  as  soon  as  the  cyanide  begins  to 
moisten  the  paper  strips.  Most  insects  are 
quickly  killed  in  such  a  bottle,  but  some 
Coleoptera  must  be  left  in  for  five  or  six 
hours,  while  others  resist  death  for  a  still 
longer  time.  This  is  especially  true  of  the 
Coleopterous  families  Ourculionidae,  Tro- 
gositidse,  and  Tenebrionidae. 

Submersion  in  alcohol  will  prove  a  satis- 
factory method  of  killing  these  or  other  bee- 
tles with  similar  vitality. 

Other  Agents. — Prof.  E.  W.  Claypole  has 
found  the  use  of  benzine  or  gasoline  very 
cheap  and  satisfactory  for  killing  Lepidop- 
tera,  as  the  largest  are  at  once  killed 
thereby  without  injury  to  their  scales. 
{Ca/n.  Ent,j  xix,  p.  136.)  He  squirts  it  onto 
the  8i)ecimen  within  the  net  or  in  the  open 
air  by  means  of  a  druggist's  dropping  tube. 
Hot  water  kills  rapidly  and  leaves  the  specimens  in  good  flexible 
condition  for  mounting.  The  heads  of  large  insects  may  be  held  for  a 
few  moments  in  the  water,  while  smaller  specimens  should  first  be 
thrown  into  a  corked  bottle  and  the  bottle  submitted  to  heat.  Where 
the  laurel  grows  its  bruised  leaves  may  be  used  in  place  of  cyanide; 
they  kill  less  quickly.  The  leaves  of  the  Laurel-cherry  {Pruntis  lauro- 
cera»U8)y  a  plant  commonly  grown  in  England  for  screens  and  hedges, 
are  also  used  for  this  purpose. 

Some  collectors,  with  indifferent  olfactory  sense,  moisten  the  cork  of 
their  boxes  with  creosote.  Its  killing  power  lasts  for  several  days.  A 
few  whiffs  from  a  cigar,  when  nothing  else  is  at  hand,  will  also  kill 
many  of  the  more  tender  insects. 

Special  directions  for  different  orders. — ^A  few  brief  direc- 
tions for  the  special  treatment  of  different  orders  may  be  given.    Cer- 
2564 5 


Fie.  93.— The  cyanide  bottle  with 
blotting-paper  lining  (original). 


BULLETIN   39,  UNITED    STATES   NATIONAL   MUSEUM.         [66] 

tain  Coleoptera,  notably  those  of  the  Curculionid  genus  Lixus,  are  cov- 
ered with  a  yellowish  pruinosity  resembling  pollen,  which  is  of  an  eva- 
nescent nature,  so  that  if  the  specimens  are  collected  and  killed  by  the 
ordinary  methods,  the  pruinosity  is  completely  lost.  To  preserve  the 
natural  beauty  of  such  species  it  is  necessary  to  put  each  specimen 
alive  in  a  small  vial  and  to  kill  it  at  once  by  means  of  a  lighted  match 
held  under  the  vial  for  a  few  seconds.  In  pinning  or  otherwise  mount- 
ing the  specimen  it  should  not  be  handled  between  the  fingers. 

Many  Hymenoptera  and  Lepidoptcra,  especially  species  with  yellow 
markings,  if  kept  for  any  length  of  time  in  a  cyanide  bottle,  will 
become  discolored,  the  yellow  changing  to  reddish,  and  hence  such 
insects  should  not  be  leffc  longer  than  necessary  in  the  bottle.  If  care 
is  exercised  in  this  respect,  no  danger  of  discoloration  need  ordinarily 
be  feared.  The  chloroform  collecting  bottle  may  be  used  with  these 
insects  if  discoloration  is  anticipated.  All  the  more  delicate  insects, 
including  Hymenoptera,  Diptera,  the  smaller  Lepidoptera,  and  the 
Neuroptera,  require  special  care  in  killing.  Large  numbers  should  not 
be  thrown  into  a  killing  bottle  together,  and  plenty  of  bibulous  paper 
should  be  kept  in  the  bottle  to  prevent  moisture  from  accumulating 
and  wetting  and  ruining  the  specimens.  It  is  frequently  advisable  to 
pin  Diptera,  especially  the  hairy  forms  (as  the  Bee- flies),  in  the  net  and 
transfer  them  at  once  to  a  cigar  box  containing  a  sponge  moistened 
with  chloroform.  When  the  collecting  shears  are  used,  the  insects  are 
always  thus  pinned  at  once,  which  is,  in  fact,  the  only  method  of 
securing  them.  This  is  also  necessary  in  the  case  of  many  Lepidoptera, 
Delicate  Neuroptera  maybe  killed  by  the  use  of  the  cyanide  bottle,  or, 
preferably,  placed  at  once  in  a  vial  of  alcohol,  as  these  insects,  in  many 
instances,  cannot  be  kept  securely  if  pinned  or  mounted.  Large  Lepi- 
doptera, as  the  Bombycids,  may  be  killed  by  pouring  benzine,  naphtha, 
or  chloroform  over  the  thorax  and  abdomen.  These  substances  evapo- 
rate rapidly  and  do  not  appreciably  injure  the  vestiture  of  the  insects. 
Some  collectors,  in  the  case  of  butterflies,  seize  them  dexterously 
between  the  thumb  and  finger,  and  give  a  sharp  pinch  on  the  sides  of 
the  thorax.  This  will  prevent  the  fluttering  of  the  insect  when  trans- 
ferred to  the  cyanide  bottle,  and,  if  carefully  done,  the  scales  need  not 
be  rubbed  ofl*.  It  is  objectionable,  however,  because  the  thorax  is  dis- 
torted and  subsequent  anatomical  study  interfered  with,  and,  in  the 
case  of  moths,  should  never  be  practiced,  as  the  thorax  affords  import- 
ant characters  used  in  classification.  Orthoptera  may  be  killeil  by  the 
use  of  the  cyanide  bottle  but  should  be  transferred  at  once  to  the  vials 
of  alcohol.  If  placed  in  a  cyanide  bottle,  especially  in  the  case  of 
Locusts  (Acrididw),  they  are  apt  to  exude  colored  juices  from  the  mouth, 
so  that  the  specimens  become  soiled.  Hence  the  use  of  vials  of  alcohol 
is  preferable,  and  these  insects  should  never  be  thrown  into  vials  con- 
taining delicate  insects  of  other  orders.  Plant-lice,  together  with  the 
plant  which  they  infest,  should  be  placed  at  once  in  vials  of  alcohol, 
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and  specimens  of  the  ApMdes,  representing  all  the  forms  present,  should 
be  mounted  on  slides  for  microscopic  examination.  The  fixed  forms 
of  Coccids,  comprising  the  majority  of  the  species,  require  no  special 
treatment,  and  the  leaves,  twigs,  or  bark  on  which  they  occur  may  be 
pinned  at  once  and  placed  in  the  collection.  The  tree  forms  are  treated 
as  in  the  case  of  plant-lice. 

ENTOMOTAXY. 

Under  this  term  may  be  considered  the  preparation  of  insects  for  the 
cabinet. 

CABE   OF  PINNED  AND  MOUNTED  SPECIMENS. 

Insect  Pins. — In  mounting  insects  for  the  cabinet,  expressly  made 
entomological  pins  should  be  used.  These  come  jfrom  three  different 
sources:  Klager  pins,  made  by  Hermann  Klager,  Berlin,  Germany; 
Karlsbad  pins,  made  by  one  or  several  firms  in  Karlsbad,  Bohemia, 
Austria;  and  Vienna  pins,  made  by  Miller,  Vienna,  Austria.*  These 
three  kinds  of  pins  have  each  their  own  slight  advantages  and  dis- 
advantages, so  that  it  is  difficult  to  say  ^hich  is  the  best.  All  have  the 
disadvantage  that  the  pinned  specimens  are  liable  to  be  ruined  by 
verdigris,  and  to  obviate  this  japanned  ("biack")  insect  pins  are  made 
by  Klager  and  Miller.  These  black  pins  are,  however,  much  softer 
than  the  ''white"  pins,  and  therefore  more  difficult  to  handle.  A  pin  of 
35  millimeters  in  length  will  be  found  most  convenient  for  pinning  all 
insects  excepting  the  larger  Lepidoptera  and  other  heavy-bodied  insects, 
for  which  a  longer  pin  may  advantageously  be  used.  According  to  the 
different  degrees  of  fineness,  the  pins  are  numbered  from  No.  00  (the 
finest  in  the  trade)  to  l^o.  7  or  8,  but  the  numbers  used  by  the  different 
manufacturers  do  not  correspond  with  each  other.  In  exi)erience,  pins 
of  Nos.  1,  2,  3,  and  4  (Klager  numbers)  are  more  often  needed  than  the 
others.  The  long  pins  of  the  finer  numbers  (Nos.  0  and  00)  are  difficult 
to  handle  in  the  collection  and,  for  this  reason,  not  to  be  recommended. 

For  many  small  insects,  especially  Microlepidoptera  and  Microdiptera, 
which  must  be  pinned,  even  the  finest  ordinary  insect-pins  are  too  large, 
and  two  special  makes  of  pins  are  in  use  for  this  purpose.  The  "  elbow 
pin^  (formerly  made  and  sold  by  Dr.  Kuenow,  of  Konigsberg,  Prussia, 
Germany)  consists  of  a  piece  of  fine  silver  wire,  pointed  at  one  end, 
and  with  a  coil  loop  at  the  other  end,  into  which  a  longer  pin  (No.  3  or 
No.  4)  is  thrust.  This  pin  is  illustrated  in  Fig.  94.  Still  more  sat- 
isfactory are  the  "Minutien-Nadeln"  (pins  for  minute  insects)  manufac- 
tured by  Mr.  Miller,  of  Vienna,  Austria,  and  which  consist  of  a  straight 
piece  (aDout  14"".  long)  of  extremely  fine  steel  wire  which  is  pointed  at 

•  In  North  America,  Kljiger  pins  and  Karlsbad  pins  can  be  obtained  through  Mr. 
John  Ackhnrst,  78  Ashland  Place,  IJrooklyu,  N.  Y.,  and  possibly  Jilso  through  Messrs. 
BlAke  A,  Co.,  55  North  Seventh  street,  Philadelphia,  Pa.  The  Vienna  pins  and  the 
Uinatien-Nadeln  haye  to  be  ordered  direct  through  the  manufacturer,  Mr.  MiUer. 
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one  end,  and  which  is  used  in  connection  with  a  piece  of  pith  or  cork. 

The  mode  of  using  this  pin  is  shown  in  Fig.  101.  These 
fine  and  elbow  pins  may  be  obtained  either  "white" 
or  japanned. 

"  Many  English  entomologists  use  short  pins,  very 

much  like  those  of  ordinary  make,  and  my  late  Mend 

Walsh  never  gave  up  the  custom,  and  most  vehemently 

opposed  the  use  of  what  he  ridiculed  as  Mong  German 

skewers.'  But  the  only  advantage  that  can  possibly  be 

y<&/4^     /      claimed  for  the  short  pins  is  that  they  are  less  apt  to 

y_^^^      bend,  consequently  more  easily  stuck  into  the  bottoms 

Pig.  m.— Insect     of  boxcs,  and  require  less  room;  while,  compared  with 

mounted  on  ••el-     the  loug  pins,  they  have  numerous  disadvantages. 

ow  pin.  Long  pins  admit  of  the  very  important  advantage  of 

attaching  notes  and  labels  to  the  specimen;  render  it  more  secure  from 

injury  when  handled,  and  from  museum  pests  in  the  cabinet;  and  on 

them  several  rows  of  carded  duplicates  may  be  fastened,  one  under  the 

other,  so  as  to  economize  room." 

I  have  seen  few  old  collections  in  better  condition  than  that  of  the 
late  E.  Mulsant,  of  Lyons,  France;  and  he  used  iron  wire,  cut  slant- 
ingly, of  the  requisite  length — a  common  custom  in  France.  These 
wires  bend  so  easily  and  have  such  dull  points  that  they  require  much 
more  careful  manipulation  than  the  pins,  and  the  claim  made  for  them 
that  they  do  not  verdigris  would,  perhaps,  be  offset  by  their  rusting  in 
moist  climates  or  near  the  sea.  Silver  wire  or  silver-plated  wire  is  also 
used. 

Preparation  of  Specimens. — Upon  the  return  from  an  excursion  the 
specimens  should  be  prepared  for  the  collection  as  soon  as  practicable. 
If  they  have  been  collected  in  the  forenoon  they  should  be  mounted 
the  same  evening,  and  those  collected  during  an  afternoon  or  evening 
excursion  should  be  mounted  the  following  morning,  or,  at  any  rate, 
before  they  get  dry  and  brittle.  Even  specimens  collected  in  alcohol 
should  be  attended  to  as  soon  as  possible. 

Specimens  are  taken  from  the  collecting  bottle,  spread  out  on  a  sheet 
of  white  blotting  paper  and  cleaned  from  adhering  impurities  either 
with  a  soft  dry  brush,  or,  in  the  case  of  species  with  hard  covering,  by 
washing  them  with  chloroform  or  ether  or  benzine  where  necessary. 
Theoretically  the  best  way  of  mounting  woilld  be  to  pin  all  specimens, 
since  the  under  side  with  its  important  characters  then  remains  free 
for  examination.  Pins  adapted  for  pinning  even  the  smallest  insects 
have  been  described  above,  but  this  pinning  is  such  a  delicate  oper- 
ation and  requires  so  much  time  that  considering  the  large  number 
of  small  specimens  that  may  be  collected  on  a  single  short  excursion 
it  is  next  to  impossible  to  carry  out  this  method,  and  therefore  only  the 
larger  specimens  need  be  pinned  and  the  smaller  may  be  glued  onto 
the  paper  points  described  later.    If  the  work  is  done  with  proper 
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care  all  iasecta  can  be  prepared  for  the  cabinet  so  that  both  the  upper 
and  under  surface  of  the  specimen  may  be  examined  without  further 
manipulation. 

Pinning. — "Insects  should  be  pinned  tlirough  the  middle  of  the 
thorax,  when,  aa  is  more  generally  the  case,  this  portion  (the  mesothorax) 
islargelydeveloped.  Beetles (Coteoptera) 
and  Bugs  (Hemiptera),  should,  however, 
be  pinned,  the  former  through  the  right 
elytron  or  wing-cover  (Fig.  95),  and  the 
latter  through  the  scutel  or  triangular 
piece  behind  the  thorax,  t)ie  pin  issuing 
between  the  middle  and  hind  legs  (Fig. 
96).  The  specimens  look  very  pretty  with 
all  the  legs  neatly  spread  out,  but  for 
practical  purposes  it  is  better  to  let  them 
dry  in  the  natural,  partly  bent  position. 

It  is  a  saving  of  time  and  space,  and  the  fio-bs — Method  of  pinniog  and  ubding 
limbs  are  not  so  apt  to  break.    The  legs  Coieopter*  (ori«inai). 

miist  also  not  reach  too  far  downward  or  they  will  interfere  with  the 
proper  labeling  and  the  secure  pinning  of  the  specimen  in  the  cabinet 
Moreover,  the  antennee  and  legs  must  be  brought  into  such  position 
that  they  will  not  obstruct  the  view  of  any  important  part  of  the  under- 
surface.  The  pin  should  always  project  about  half  an 
inch  above  the  iuiject  to  &cilitate  handling,  and  mil- 
fonnity  in  this  regard  will  have  much  to  do  with  the 
neat  appearance  of  the  collection.  In  pinning  very  large 
and  heavy  insects  on  a  Ko.  4  or  No.  6  pin,  it  is  a  good 
plan  to  first  flatten  the  pin  by  a  few  blows  of  a  hammer, 
in  order  to  prevent  the  specimen  from  subsequently  turn- 
ing round  on  the  pin." 

In  pinning  specimens  which  have  a  flat  or  nearly  flat 
undersurface  and  short  legs  (as  in  many  Colcoptera 
and  Hemlptera  and  some  Hymenoptera,  e.  g.  the  Saw- 
flies)  the  specimens  are  laid  on  a  piece  of  cork  and  held 
ill  place  there  witli  the  fingers  or  with  a  forceps.  The  pin  is  then 
pQshed  through  the  insect  at  the  proper  point,  care  being  taken  not 
l«  Htrike  one  of  the  legs  or  coxie,  and  that  the  pin  parses  through  the 
specimen  in  a  vertical  direction. 

Alter  the  pin  has  been  pushed  through  the  specimen  it  is  taken  out 
'if  the  cork  and  the  specimen  is  pushed  up  to  its  proper  height.  This 
i-an  be  done  eitlier  by  holding  the  specimen  between  the  fingers  or 
Ity  placing  it  on  the  upper  edge  of  a  thick  book,  A  piece  of  card- 
l^oard  provided  with  a  small  hole  may  a\m  be  used  for  this  purpose. 
The  perforations  in  ordinary  sheet-cork,  or  the  lapel  of  one's  coat, 
wiUanswer  the  same  purpose.  lu  pinning  Lepidoptcra  or  Hymenoptera 
theapecimen  should  lie  lightly  in  the  angle  formed  by  the  thumb  and 
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first  two  fingers  of  the  left  hand  and  the  pin  be  careftilly  thrust  through 
at  the  proper  angle.  In  pinning  all  insects  the  pin  should  be  so  inserted 
that  the  insect  is  nearly  at  right  angles  with  the  pin,  the  posterior  end 
being  slightly  depressed. 

Moanting  on  Points. — Most  insects  which  are  too  small  to  be  pinned 
on  a  No.  2  pin  may  be  fastened  to  cardboard  by  means  of  gum  traga- 
canth,  gum  shellac,  or  any  good  glue.  It  is  not  always  easy  to  determine 
whether  to  pin  a  medium  specimen  or  to  glue  it  to  a  triangle.  Pinned 
specimens  are  more  secure,  and  not  so  apt  to  fall  or  be  knocked  off, 
but  they  are  liable  to  become  corroded  by  verdigris  and  ultimately  lost, 
especially  in  families  the  larvae  of  which  are  endophytous  or  internal 
feeders.  It  is  better  to  glue  wherever  there  is  doubt.  A  drop  of  cor- 
rosive sublimate  added  to  the  water  in  which  the  gum  tragacanth  is 
dissolved  will  indefinitely  prevent  its  souring,  but  should  not  be  used 
where  the  gum  is  to  come  in  contact  with  th^  pin,  as  it  inclines  the  lat- 
ter to  verdigris.  In  such  cases  a  little  spirits  of  camphor  mixed  with 
the  gum  tragacanth  is  best.  Shellac  should  be  dissolved  in  alcohol  and 
this  requires  some  time.  This  glue  is  not  affected  by  moisture,  and  if  it 
is  desired  to  remove  the  specimens,  they  must  be  immersed  in  alcohol 
until  the  shellac  is  again  dissolved. 

A  number  of  different  kinds  of  glue  are  used  by  entomologists. 
The  requirements  of  a  good  glue  are  that  it  be  colorless,  and,  what 
is  of  greater  importance,  that  the  specimens  adhere  firmly  to  the 
paper  points  so  that  there  is  little  or  no  danger  of  their  being  jarred 
off.  Those  glues  which  are  readily  soluble  in  cold  or  lukewarm  water 
are  perhaps  more  convenient  than  those  which  require  alcohol  or  chloro- 
form for  dissolving.  Gum  arable  and  gum  tragacanth  have  the  disad- 
vantage that  they  are  more  liable  to  attract  mites  and  are  more  brittle, 
so  that  they  do  not  hold  specimens  as  well  as  some  of  the  liquid  glues 
that  are  on  the  market.  Spalding's  glue  answers  a  very  good  purpose, 
as  also  the  preparation  known  to  European  entomologists  as  Leprieur's 
gum.  White  bleached  shellac,  while  requiring  alcohol  to  dissolve  it, 
has  the  advantage  that  a  very  minute  quantity  suflGices.  In  olden  times 
the  method  employed  was  simply  to  glue  the  specimen  by  the  ventral 
side  to  the  middle  of  a  quadrangular  piece  of  cardboard,  which  was 
then  pinned  on  a  No.  3  or  No.  4  insect  pin.  This  method  is  still  in 
vogue  with  English  entomologists,  but  can  not  be  recommended  except 
for  mounting  duplicates.  Much  better  are  the  small  isosceles  triangles? 
which,  before  mounting  the  specimen,  are  pinned  through  near  the  base 
on  a  No.  2  or  No.  3  insect  i)in.  Only  the  best  and  finest  cardboard 
should  be  used  for  this  purpose,  since  that  of  poor  quality  is  liable  to 
be  broken  while  passing  the  pin  through  it  and  will  yellow  with  age. 
*^  Reynolds's  Superfine  Board,"  which  may  be  ordered  through  any 
dealer  in  artist's  supplies  of  Devoe  &  Co.,  Fulton  street,  New  York 
City,  is  perhaps  the  best  for  this  purpose.  Some  of  the  neat-est  mount- 
ing which  I  have  had  done  by  any  of  my  agents  or  assistants  is  by  Mr. 
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Albert  Koebele,  who  has  used  mica  or  gelatine  instead  of  cardboard, 
the  object  being  not  only  to  show  the  whole  of  the  under  side  of  the 
specimen,  but  to  obscure  less  of  the  light  from  the  labels  and  to  render 
the  triangles  less  conspicuous  in  the  cabinet.  These  have  been  in  use 
in  the  museum  collection  only  for  the  last  two  or  three  years,  and 
whether  they  will  eventually  tend  to  corrode  the  pins  is  not  yet  settled. 
Mica  and  isinglass  are  also  used  for  the  same  purpose.  The  x)oints  used 
in  mounting  may  easily  be  cut  by  hand  to  a  convenient  size,  say  one- 
fourth  of  an  inch  (6-8™™)  long  by  one-sixteenth  or  less  at  the  base,  and 
tapering  to  a  point.  The  point  may  be  narrower  or  wider  to  aexiommo- 
date  insects  of  different  sizes. 

For  cutting  these  triangles  or  points,  various  forms  of  punches  similar 
to  the  appended  figure  (Fig.  97)  known  to  the  trade  as  conductor's 
punches  may  be  used,  and  i>oint8  thus  cut  are  to  be  preferred  to  those 
made  by  other  means,  on  account  of  the  greater  uniformity  secured. 

An  exi>erienced  hand,  however,  will  cut  these  points  very  rapidly  and 
ac<;urately  with  a  pair  of  shears,  and  most  collectors  use  no  special 
instrument  for  this  purpose. 

The  punches  mentioned  may  be  obtained  of  the  manufacturers*  of  such 
instruments  at  from  $2  to  $3.  Care  should  be  observed  in  ordering  to  state 
explicitly  the  length,  width  at  base  and  point,  or,  what  is  better,  to  in- 
close sample  of  the  size  of  point  it  is  desired  to  cut;  but  above  aU,  to 
state  that  the  block  of  paper  to  be  cut  out  is  the  result  desired,  and 
that  the  instrument  should  cut 
clean  and  even,  with  no  ragged 
edges. 

For  mounting  different  forms 
and  sizes  the  fastidious  collec- 
tor uses  four  or  ^ve  sizes  of 
points,  but  for  all  practical  pur- 
poses one  to  cut  a  card  i)oint 
not  less  than  1.3"'"  at  the  base 

and     prolonged     as    nearly    as      ^i<»-  97.— insect  punch  for  cutting  triangles  or  points 

possible  to  a  point,  and  another  (original). 

a  trifle  wider  at  the  base,*  say  IJ  or  1§">"»  and  with  a  point  about  1J™"» 
in  width  will  suffice. 
For  mounting   most  long-bodied    insects,  e,  g,j   StaphylinidsB  and 

Elateridae,  an  oblong  card  say  1  J»"°»  in  width  is 

fU       n       n        desirable.    With  a  little  care  these  may  be  cut 
U        U        U        with  sufficient  uniformity  with  scissors.    Seven 
n        b        e        d        and  one-half  millimeters  may  be  taken  as  a 

^'^i^J^to^riSi^r""""^    standard  of  length,  as  this  is  about  the  size 

used  by  the  majority  of  our  best  collectors. 
Shorter  points,  say  6"™  or  one-quarter  inch  long,  are  sometimes  preferred, 
where  economy  of  space  is  a  desideratum. 

•Montgomery  &  Co.,  105  Fulton  street;  New  York  City. 
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A  series  of  four  points  of  difTerent  sizes  for  moonting  insects  is  sliown 
in  the  accompanying  illustration.  The  aharp-pointed  one,  a,  is  designed 
for  the  minutest  forms  ajid  the  larger  points  for  large  insects.  The 
largest  slionld  be  mounted  on  jtoints  of  a  nearly  rectangular  shape,  shown 
at  d.  The  iliinensions  of  these  jioints  as  adopted  by  most  eutomologisU, 
are  as  follows: — 


Lengtli, 

Bradtli. 

Point. 

J:::::i  :!""• 

J.|=^. 

.Omm. 

<!"■.■.■.:■  .s 

l.« 

l.« 

on  CAidboord  trluiglD. 


Theiwint  or  triangle  should  be  mounted  on  thepin  and  directed  to  the 
left,  the  height  from  the  top  of  the  pin  varying  somewhat  with  the 
specimen,  but  averaging  about  one-half  an  inch. 
The  insect  is  then  glued  to  the  i>oiut  with  the  head 
pointed  forward.  In  the  case  of  Coleoptera  and 
Hymenoptera,  and  in  fact  of  most  insects,  the  speci- 
men is  mounted  with  the  back  uppermost,  but  in  the 
case  of  the  smaller  Hymenoptera  it  is  advisable  to 
mount  some  of  the  specimens,  at  least,  on  the  left 
side  (see  Fig.  99).  This  directs  the  legs  toward  the 
pin,  as  a  matter  of  safety,  prevents  their  being 
broken  in  handling,  and  also  gives  opportunity  for 
subsequent  examination  of  the  back,  side,  and  venter 
of  the  8i>ecimen.  Coleopterists  always  mount  speci- 
mens on  the  venter,  and  in  the  case  of  a  correctly  mounted  specimen 
the  whole  underside  of  the  body  should  be  available  for  examination 
except  the  right  half  of  the  metasteruum,  as  shown  in  figure  100. 

In  mounting  minute  insects  a  few  precautions  are  necessary.    The 
beginner  usually  uses  too  much  glue  or  sheU-lac,  and  tlie  result  is  that 
the  mounted  specimens  are  more  or  less  covered  with  the  fluid,  so  as  t« 
render  them  unflt  for  examination.  If,  on  theothcr 
hand,  too  little  of  the  glue  is  used,  the  specimens 
are  not  securely  fastened  to  the  paper  point,  and 
are  liable  to  be  jolted  off  by  the  slightest  jar.    l!e- 
fore  mounting  specimens  the  logs  and  anteuuic 
must  be  brought  into  the  proper  position  by  means 
of  a  bmsh  or  with  a  dissecting  needle,  so  that 
thev  may  easily  be  seen.  Asnpplyofpaperpoints    „ ,,.,-. 

"1  ^  ,  ,  ,      ^  ,      ■■  ^">- 100— MBthod  otgluiOK 

sbe  at  hand,  aud  after  selecting  one  bf^r-Uoou  paper  point  (art- 
size  for  the  specunen,  with  an  acute  ginai)- 
small  specimen  and  with  a  more  obtuse  point  for  a  larger 
quantity  of  glue  is  applied  to  the  tip  by  means  of  a  pointed 
tS  a  toothpick,  the  amount  varying  with  the  size  of  the 
!he  tip  of  a  moistened  brush  may  be  used  to  transfer  the 


Fio,  101.— Ceoidomrlld 
inc>nnte[loiipitli(ari- 
glnfll). 
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specimeu  to  the  point,  or  one  will  soon  become  dextrous  enough  to  do 
this  withoat  the  aid  of  the  brush.  The  specimens  are  then  allowed  to 
dry  in  a  horizontally  placed  box.  If  the  drying  box  is  placed  iu  a  ver- 
tical iKisition  the  specimens,  especially  long-bodied  ones,  are  liable  to 
topple  over  before  the  glue  has  become  finn. 

Delicate  flies  and  Microlepidoptera,  which  it  will  not  do  to  fasten 
with  mucilage,  may  first  be  mounted  on  the  fine  i)ina  described  above 
and  these  thrust  into  oblong  or  triangolai'  bits  of 
l>ith  or  (x>rk,  which  are  mounted  4m  larger  pins  as 
shown  in  Figures  101  and  102.  This  affords  a  very 
satisfactory  method  of  mounting,  particularly  as  the 
different  aexea  may  be  brought  together  on  the  same 
bit  of  pith,  or  the  adult  and  puparinm  in  Diptera,  as 
shown  at  Figure  101.  Strips  of  stout  cardboard  with 
the  piiia  run  tlirough  the  narrow  edge  may  also  be 
used.  The  method  of  moouting  minute  Hymenoptera 
and  Dipt«ra  and  other  insects  ou  a  bent  wire,  men- 
tioned above,  is  illustrated  at  Fig- 
ure 94.  This  method  has  not 
proved  ao  satisfactory,  as  the  wires  are  apt  to  become 
loose  ou  the  pin. 

Mounting  Duplicates. — If  the  collector  finds  more 
specimens  of  a  rare  species  than  he  cares  to  have  in 
his  collection,  the  excess  may  be  mounted  as  dupli- 
cates.  If  the  species  happens  t«  be  of  a  large  size  the 
specimens  are  pinned  in  the  ordinary  way,  but  if 
small    enough  to  be  gummed, 
there    is    a    most    convenient 
method  of  rapidly  mounting  the  specimens  so  that 
they  may  be  sen t  tlirough  the  mail  with  much  less  risk 
ofgettingbroken  or  knocked  offthauifglued  on  paper 
points,  and  will  also  take  up  very  little  room  in  the 
duplicate  boxes.    It  consists  in  glmng  the  speci- 
mens in  a  transverse  row  on  a  strip  of  white  card 
pai>er  with  one  of  the  glues  aoluhle  in  water,  care 
being  taken  that  between  the  individual  specimens 
some  space  be  left,  and  further  that  the  heads  and 
antenmedonotprojectbeyoudtheedgeoftliepaper.    *^',^„onfj7?'Vii''iicat« 
The  width  of  the  pajwr  strip  must  be  somewhat       (origimii). 
greater  than  tlie  length  of  the  specimen,  so  that  below  the  latter  there 
is  sufficient  room  for  inserting  a  pin  through  the  paper.    After  the  glue 
has  become  dry  the  row  of  specimens  is  cut  with  Sfissors  into  several 
smaller  rows  of  convenient  size,  so  that  on  each  of  these  rows  there 
are  two  or  three  or  more  specimens,  according  to  the  size  of  the  syte- 
cies.     A  locality  label  is  pushe<l  liigh  up  on  a  No.  a  or  No.  4  pin,  and 
one  of  the  mounted  rows  of  specimens  is  then  pinned  and  pushed  up 


.leplllnp- 


(arislpik]). 
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near  the  locality  label;  a  secoud  row  is  then  pinned  and  pushed  near 
the  first  row,  and  the  same  process  continued  with  the  third  row  and 
so  on.  A  single  pin  will  thus  bear  five  or  six  rows,  and  in  giving  away 
or  sending  away  specimens  the  lowest  row  is  taken  from  the  pin  and 
repinned  for  mailing.  The  accompanying  figure  (Fig.  103)  illustrates 
the  mounting  of  a  moderate-sized  species  in  rows  of  two  specimens 
each.  This  method  of  mounting  duplicates  may  be  adopted  not  only 
for  Coleoptera,  but  also  for  Heteroptera,  Homoptera  (excepting 
AphididsB  and  allied  families),  smaller  Orthoptera,  and  Hymenoptera. 
It  is,  however,*  impracticable  for  Lepidoptera,  Diptera,  and  most  Neu- 
roptera. 

Temporary  Storage  of  Specimens, — If  the  entomologist  is  prevented 
from  mounting  his  captures  soon  after  returning  from  an  expedition,  or 
if,  on  extended  collecting  trips,  time  does  not  offer  for  this  purpose, 
specimens  of  almost  all  orders  except  the  Lepidoptera,  Orthoptera,  and 
Neuroptera  may  be  placed  in  a  small,  tightly  closing  pill  box,  care  being 
taken  to  keep  the  larger  specimens  apart  from  the  small  ones.  In  this 
way  specimens  will  keep  for  an  indefinite  period,  provided  they  are 
proi)erly  packed.  In  the  case  of  the  traveling  collector,  where  the 
material  is  to  be  carried  from  point  to  point  at  great  risk  of  breaking, 
specimens  should  be  packed  very  carefdlly  to  prevent  any  shaking 
or  rattling  about  in  the  boxes.  This  may  be  done  by  placing  a  round 
piece  of  soft  paper  on  the  top  of  the  specimens  in  the  pill  box.  This 
paper  should  be  gently  pressed  down  and  the  empty  space  above  filled 
with  other  layers  of  paper  or  with  cotton.  The  packing  of  specimens 
between  cotton  is  not  recommended,  as  it  is  a  diflQcult  and  tedious  task 
to  afterwards  free  them  from  the  adhering  fibers.  Layers  of  soft  paper 
or,  yet  better,  velvet,  are  preferable. 

Envelopes  for  Lepidoptera^  etc. — On  an  extended  trip,  it  will  be  found 
impracticable  to  mount  and  prepare  insects  requiring  cumbersome  appa- 
ratus for  spreading,  as  Lepidoptera  or  l^europtera,  and  a  very  excellent 

plan  consists  in  folding  the  wings  of  the         _ ^ 

insect  so  that  the  lower  surfaces  come  to-        j  ^^^  _^^^^i^^      .  •''• 

gether  and  then  placing  it  in  a  triangu-        /iMJ^^^^^^^Bt:.     id 

lar  envelope,  as  shown  in  the  accompay-        j^HI^^^^^BI^ 

ing  illustration.    The  collector  should  be         jflj^HBm^ 

provided  with  a  quantity  of  paper  of  the        j^Bn^^^' 

requisite  dimensions  for  making  these  en-         !   ^1^^^ 

velopes,  and  specimens,  as  they  are  taken         j   **^\/'' 

from  the  collecting  bottle,  may  be  rapidly        |      / 

inclosed  in  them,  labeled,  and  packed         i/ 

away  in  a  tight  wooden  (not  tin)  box     _,f  ,^    w  ^^^  r  •    t^-      i 

•^  "  ^  '  Fio.  104.— Method  of  preaorvmg  Diurnal 

containing  a  supply  of  naphthaline,  the        Lcpidopt<»ra  in  paper envciopea.  (Af- 
specimons  thus  occupying  the  minimum        ttr Kiesonvetter.) 

of  space.  Specimens  secured  in  this  way  may  be  kept  without  frirther 
manipulation  indefinitely  or  until  time  is  found  to  relax  and  set  them. 
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This  is  also  an  excelli>itt  method  of  sending  dinrnal  Lepidoptera  smd 
DragOQ-flies  tliroiigk  tbo  mails  ami  is  preferable  in  some  I'espects  to 
mailiDg  spread  specimeus. 

Directions  for  ^reading  Insects. — "For  the  proper  spreadiug  of  iusects 
with  broad  and  flattened  wings,  sucli  as  butterflies  and  moths,  a  spread- 
ing board  or  stretcher  is  necessary.    One  that  is  simple  and  answers 
every  purpose  is  shown  at  Fig.  105,     It  may  be  made  of  two  pieces 
of  thin  whitewood  or  pine  board,  fastene*!  together  by  braces  at  the 
ends,  but  left  wide  enough  apart  f«  admit 
the  bodies  of  the  insects  to  be  spread; 
strips  of  cork  or  pith,  in  wliich  t«  fasten 
the  pins,  may  then  be  tacked  or  glued  ' 
below  so  as   to   cover   the  intervening 
space.  The  braces  must  be  deep  enough 
to  prevent  the  pins  from  touching  any- 
thing the  stretcher  may  be  laid  on,  and 
by  atta<^hing  a  ring  or  loop  to  one  of  tliem 

.,        ,,,  ,,  .,  „        Fig.iOB.  SproadingboardforLepidoptera. 

the  stretcher  may  be  hung  against  a  wall, 

out  of  the  way.  For  ordinary-sized  specimens  I  use  boards  2  feet  long,  3 
inches  wide,  and  ^  inch  thick,  with  three  braces  (one  in  the  middle  and 
one  at  each  end)  IJ  inches  deep  at  the  ends,  but  narrowing  from  each 
end  to  1^  inches  at  the  middle.  This  slight  rising  from  the  middle  la  to 
coonteract  the  tendency  of  the  wings,  however  well  dried,  to 
drop  a  little  after  the  insect  is  placed  in  the  cabinet.  The  wings 
are  held  in  position  by  means  of  strips  of  paper  (Fig,  105)  until 
dry.  For  stretching  the  wings  and  for  many  other  purposes,  a 
handled  needle  will  be  found  useful.  Split  off,  with  the  grain, 
a  piece  of  pine  wood  3  or  i  inches  long;  hold  it  in  the  right 
hand;  take  a  medium-sized  needle  in  the  left  hand;  hold  it 
upright  with  the  point  touching  a  walnut  table,  or  other  hard- 
grained  wood,  aud  bring  a  steady  pressure  to  bear  on  the  pine. 
The  head  of  the  needle  will  sink  to  any  required  distance  into 
the  pine,  which  may  then  be  whittled  off,  and  you  liave  just  the 
thing  you  want  { Fig.  106),  To  obtain  uniformity  in  the  position 
of  the  wings,,  a  good  rule  is  to  have  the  inner  margins  of  the 
J  ft^nt  wings  as  nearly  as  possible  on  a  straight  line.  When  the 
I  specimens  are  thoronghly  stiff  aud  dry,  tliey  should  be  taken 
Fig.  m.  from  the  stretcher  and  kept  for  several  weeks  in  the  drying  box 
^^'  before  being  permanently  placed  in  the  cabinet.  The  drying 
•pihj.  box  is  simply  a  box  of  any  required  dimensions,  containing  a 
'"«'"■  series  of  shelves  on  which  to  pin  the  specimens,  and  without  a 
solid  back  or  front.  The  back  is  covered  on  the  inside  with  fine 
Kauze  and  on  the  outside  with  coarser  wire,  and  the  door  in  front  con- 
sists of  a  close-fitting  frame  of  the  same  material,  the  object  being  to 
allow  free  passage  of  aii-,  bat  at  the  same  time  to  keep  out  dust  and 
prevent  the  gnawiugs  of  mice  and  other  animals.    The  shelves  should 
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be  not  less  than  2  inches  deep,  and  if  made  in  the  form  of  a  quadrangu- 
lar frame,  braced  with  two  cross-pieces  on  which  to  tack  sheet  cork, 
they  will  serve  for  the  double  purpose  of  drying  spread  specimens  and 
for  the  spreading  of  others,  as  there  are  many  insects  with  long  legs 
which  are  more  conveniently  spread  on  such  a  board,  by  means  of  tri- 
angular pieces  of  stiff  cardboard  braces  or  ^saddles,'  than  on  the 
stretcher  already  describeil.  Two  of  these  braces  are  fixed  on  the  set- 
ting board,  by  means  of  stout  pins,  at  sufficient  distances  apart  to 
receive  the  body  between  them.  The  wings  are  then  spread  upon 
them  and  kept  in  place  until  dry  by  means  of  additional  braces.  In 
the  case  of  bees,  wasps,  etc.,  the  pin  may  be  thrust  well  into  the  cork 
or  pith  so  that  the  wings  may*be  arranged  in  the  proper  position  and 
braced  and  supi)orted  by  strips  of  stout  cardboard.  This  method  is 
especially  recommended  in  the  case  of  the  FossoriaJ  wasps,  the  legs  of 
which,  if  mounted  in  an  ordinary  spreading  board,  can  not  be  properly 
arranged. 

In  spreading  Lepidoptera  I  have  used,  in  the  place  of  a  number  of 
pai>er  strips  pinned  across  the  wings,  blocks  of  glass  of  various  sizes 
to  hold  the  wings  in  position.  My  method  of  mounting,  with  a  large 
amount  of  material  on  hand  to  be  attended  to,  consists  in  pinning  a 
row  on  the  spreading-board  and  fixing  the  wings  in  position  with 
spreading  needles,  fastening  them  with  a  single  narrow  strip  of  paper 
placed  next  the  body.  The  entire  spreading-board  is  filled  with  speci- 
mens in  this  way,  a  single  long  strip  of  paper  on  either  side  answering 
to  keep  the  wings  of  all  the  si)ecimens  in  i)08ition.  Then,  instead  of 
pinning  additional  strips  to  hold  the  wings  flat  and  securely  in  posi- 
tion, the  pieces  of  glass  referred  to  are  used,  placing  them  on  the 
wings  of  the  insect.  With  the  use  of  glass  the  spreading-board  must 
always  be  kept  in  a  horizontal  position  and  must  never  be  disturbed. 
The  advantage  of  the  glass  is  that  the  wings  can  be  seen  through  it 
and  more  truly  adjusted. 

Spreading-boards  may  be  made  as  described  above,  or  it  may  be  of 
advantage,  when  a  good  deal  of  work  is  to  be  done,  to  adopt  a  some- 
what different  method.  Five  or  six  spreading-boards  may  be  made 
together,  forming  a  sort  of  shelf.  A  number  of  these  shelves  may  be 
constructed  and  the  whole  combined  in  a  case  with  a  screen  cover  to 
exclude  insects.  The  individual  shelves  may  be  arranged  with  grooves 
to  slide  on  tongues  in  the  side  of  the  case.  A  screen-covered  case  for 
spreading-boards  is  always  desirable,  as  the  insects  are  otherwise  very 
liable  to  be  eaten  by  roaches  or  other  insects.  A  spreading-case  of 
the  form  described  is  shown  at  Fig.  107. 

A  new  Apparatus  for  Spreading  Microlepidoptera. — For  the  spreading 
of  Microlepidoptera  my  assistant,  Mr.  Theo.  Pergande,  has  devised  an 
apparatus,  represented  in  the  accompanying  illustration,  which  he  finds 
very  convenient.    It  consists  of  a  small  spreading-block  represented  at 
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Band  the  support  with  attachment  shown  at  A.  The  former  is  made 
in  a  loug  strip  of  the  shape 
BhowD  in  the  ilhiBtratioc, 
having  a  square  groove,  c, 
cat  in  the  top.  Over  this  is 
glued  a  thiu  strip  of  wowi, 
b,  say  i  inch  thick,  and  a 
narrow  slit  is  sawed  in  the 
center  of  this  above,  eutting 
througli  into  the  groove  c. 
This  is  then  sawed  up  into 
pieces  of  uniform  length, 
say  1|  to  2  inches,  and  the 
block  is  completed  by  the 
insertion  of  a  rectangular 
strip  of  pith  or  cork  into  the  groove.  The  Micro  is  pinned  on  a  short 
black  pin,  and  the  pin  is  thrust  down  into  the  narrow  opening  made 
by  the  saw  and  is  held  firmly  by  the  pith  or  cork.  This  block  is  then 
slid  into  the  groove  in  the  setting-board  A,  which  narrows  slightly  from 
e,  and  pushed  along  until  firmly  secured  (d).  The  operator  can  then 
rest  his  hands  and  arms  on  either  side  of  the  support,  and,  if  necessary, 
bring  a  large  hand  lens  over  the  object  by  means  of  a  support  with  ball- 
and-socket  joint  shown  at  e.  The  wings  may  thna  be  ea.sily  and  accu- 
rately arranged  and  fixed  in  position  with  pins  or  strips  of  paper,  as  in 
the  ordinary  monnting  of  such  insects.  Two  or  three  specimens  may 
be  mounted  on  each  of  these 
blocks.  The  construction 
of  the  support  is  indicated 
in  the  annexed  drawing. 
One  side  is  attached  by 
clamps,  shown  enlarged  at 
/,  which  afford  means  of  ad- 
justing the  width  of  the  slit 
in  which  the  small  sawed 
blocks  slide  and  correct  the 
shrinking  or  swelling  which 
may  take  place  in  moist  or 
dryseasons.  Theadvantage 
of  the  apparatus  is  that  the 
operator  lias  the  setting 
block  firmly  fixed  before 
him  and  has  both  hands  free  to  manipulate  the  wings  of  the  insect  in 
addition  to  having  the  lens  in  a  convenient  position,  the  use  of  which 
is  necessary  in  the  preparation  of  the  very  minute  forms. 

Spreading  Microl^idoptera. — The  monnting  of  Microlepidoptera  is 
about  the  most  delicate  work  in  entomotaxy,  and  I  can  not  do  better 
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than  quote  the  explicit  directions  given  by  Lord  Walsingham  on  the 
subject. 

Returning  to  camp  I  put  a  few  drops  of  liquid  ammonia  on  a  smaU  piece  of  sponge 
and  place  it  in  a  tin  canister  with  such  of  the  hoxes  as  do  not  contain  the  smallest 
species,  and  put  these  and  the  remainder  away  until  morning  in  a  cool  place.  In 
the  morning  I  prepare  for  work  by  getting  out  a  pair  of  scissors,  a  pair  of  forceps, 
my  drying-box  containing  setting-boards,  a  sheet  of  white  paper,  and  some  pins. 

First,  I  cut  two  or  three  narrow  pieces  of  paper  from  3  to  6  lines  wide,  or  rather 
wider,  according  to  the  size  of  the  largest  and  smallest  specimens  I  have  to  set.  I 
then  double  each  of  these  strips  and  cut  it  up  into  braces  by  a  number  of  obliqae 
cuts.  Now  I  turn  out  the  contents  of  the  canister  and  damp  tlie  sponge  with  a  few 
drops  of  fresh  ammonia,  refilling  with  boxes  containing  live  insects.  Those  which 
have  been  taken  out  wiU  be  found  to  be  all  dead  and  in  a  beautifiilly  relaxed  con- 
dition for  setting.  Had  the  smallest  specimens  been  placed  in  the  canister  over 
night  there  would  have  been  some  fear  of  their  drying  up,  owing  to  the  small  amoant 
of  moisture  in  their  bodies. 

If  the  weather  is  very  hot  there  is  some  danger  of  killed  insects  becoming  stiff 
while  others  are  being  set,  in  which  case  it  is  bettor  to  pin  at  once  into  a  damp  cork 
box  aU  that  have  been  taken  out  of  the  canister,  but  under  ordinary  circumstances 
I  prefer  to  pin  them  one  by  one  as  I  set  them. 

Taking  the  lid  off  a  box,  and  t-aking  the  box  between  the  finger  and  thumb  of  the 
right  hand,  I  roll  out  the  insect  on  the  top  of  the  left  thumb,  supporting  it  with  the 
top  of  the  forefinger  and  so  manipulating  it  as  to  bring  the  head  pointing  toward 
my  right  hand  and  the  thorax  uppermost.  Now  I  take  a  pin  in  the  right  hand  and 
resting  the  first  joint  of  the  middle  finger  of  the  right  against  the  projecting  point 
of  the  middle  finger  of  the  left  hand  to  avoid  unsteadiness,  I  pin  the  insect  obliquely 
through  the  thickest  part  of  the  thorax,  so  that  the  head  of  the  pin  leans  very 
slightly  forward  over  the  head  of  the  insect.  After  passing  the  pin  far  enough 
through  to  bring  about  one-fourth  of  an  inch  out  bolow,*  I  pin  the  insect  into  the 
middle  of  the  groove  of  a  setting  board  so  that  the  edge  of  the  groove  will  just  sup- 
port the  under  sides  of  the  wings  close  up  to  the  body  when  they  are  raised  upon  it. 
The  board  should  be  chosen  of  such  a  size  as  will  permit  of  the  extension  of  the 
wings  nearly  to  its  outer  edge.  The  position  of  the  pin  should  still  be  slanting  a 
little  forward.  The  wings  should  now  be  raised  into  the  position  in  which  they  are 
intended  to  rest,  with  especial  care  in  doing  so  not  to  remove  any  scales  from  the 
surface  or  cilia  of  the  wings.  Each  wing  should  be  fastened  with  a  brace  long 
enough  to  extend  across  both,  the  braces  being  pinned  at  the  thick  end,  so  that  the 
head  of  the  pin  slopes  away  from  the  point  of  the  brace ;  this  causes  the  braces  to 
press  more  firmly  down  on  the  wing  when  fixed.  The  insect  should  be  braced  thus : 
The  two  braces  next  the  body  should  have  the  points  upwards,  the  two  outer  ones 
pointing  downwards  and  slightly  inwards  towards  the  body,  and  covering  the  main 
portion  of  the  wings  beyond  the  middle.  Antennte  should  be  carefully  laid  back 
above  the  wings,  and  braces  should  lie  flat,  exercising  an  even  pressure  at  aU  points 
of  their  surface.  The  fore  wings  should  slope  slightly  forwards  so  that  a  line  drawn 
from  the  point  of  one  to  the  point  of  the  other  will  just  miss  the  head  and  palpi. 
The  hind  wings  should  be  close  up,  leading  no  intervening  space,  but  just  showing 
the  upper  angle  of  the  wing  evenly  on  each  side.  I  can  give  no  more  precise  direc- 
tions as  to  how  this  desirable  result  may  most  simply  and  speedily  bo  attained;  no 
two  people  set  alike.  Speed  is  an  object;  for  I  have  often  had  to  set  twelve  dozen 
insects  before  breakfast.  A  simple  process  is  essential,  for  a  man  who  is  always 
pinning  and  moving  pins,  and  rearranging  wings  and  legs,  is  sure  to  remove  a  cer> 
tain  number  of  scales  and  spoil  the  appearance  of  the  insect,  besides  utterly  destroy- 


*  This  applleH  to  tbe  use  of  Hhort  pins,  which  should  Hubse>quently  be  connected  through  atripfl  of 
pith  with  longer  pins.  For  some  of  the  larger  micros  the  long  pins  may  be  used  directly  and  a  different 
spreading  board  employed. 
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ing  its  value.  I  raise  each  of  the  fore  wings  with  a  pin,  and  fix  the  pin  against  the 
inner  margin  so  as  to  keep  them  in  position  while  I  apply  the  braces.  Half  the 
battle  is  really  in  the  pinning.  When  an  insect  is  pinned  through  the  exact  center 
of  the  tiioraX;  with  the  pin  properly  sloped  forward,  the  body  appears  to  fall  natu- 
rally into  its  position  on  the  setting  board,  and  the  muscles  of  the  wings  being  left 
free  are  easily  directed  and  secured;  but  if  the  pin  is  not  put  exactly  in  the  middle 
it  interferes  with  the  play  of  the  wings.  Legs  must  be  placed  close  against  the 
body  or  they  will  project  tvnd  interfere  with  the  set  of  the  wings.  Practice,  care,  and 
a  steady  hand  will  succeed.  When  all  the  insect-s  that  have  bcjen  killed  are  set  the 
contents  of  the  canister  will  be  found  again  ready,  twenty  minutes  being  amply 
sufficient  to  expose  to  the  fumes  of  ammonia.  Very  bright  green  or  pale  pink  insects 
sboold  be  killed  by  some  other  process,  say  chloroform,  as  ammonia  will  affect  their 
colors. 

Insects  should  be  left  on  the  setting  boards  a  full  week  to  dry ;  then  the  braces 
may  be  carefully  removed  and  they  may  be  transferred  to  the  store  box. 

In  my  own  experience  I  have  found  that  a  touch  or  two  of  the  chlo- 
roform brush  on  the  pill-box  containing  small  moths  is  sufficient  to 
either  kill  or  so  asphyxiate  them  that  they  can  easily  be  mounted.  I 
have  also  found  that  strips  of  corn  pith  or  even  of  soft  cork,  with 
grooves  cut  into  them,  are  very  handy  for  the  pinning  and  spreading, 
and  that  by  means  of  a  small,  broad-tipped,  and  pliable  forceps  the 
smallest  specimens  can  be  deftly  arranged  in  the  groove  and  kept  in 
place  until  pinned.  In  fact,  for  all  persons  who  have  not  very  great 
experience  and  dexterity  this  method  is  perhaps  more  to  be  recom- 
mended than  that  of  holding  them  between  the  thumb  and  fingers. 
Where  chloroform  is  used  either  to  kill  or  deaden  specimens,  it  is  im- 
portant that  after  they  are  once  spread  and  in  the  drying  box  they 
should  be  subjected  to  an  additional  asphyxiation,  as  the  larger  spe- 
cies may  revive  and  are  apt  to  pull  away  from  the  holding  strips,  and  thus 
rub  off  their  scales. 

Microlepidoptera,  together  with  Microh^menoptera  and  Diptera  may 
be  conveniently  pinned  on  fine,  short  pins,  and  these  thrust  into  an 
oblong  bit  of  cork  or  pith.  This  form  of  mounting  has  already  been 
described  and  is  represented  in  figure  102.  The  nejitest  mounting  of 
Microlepidoptera  which  I  have  seen  is  the  work  of  my  assistant, 
Mr.  Albert  Koebele,  who  mounts  these  insects  on  an  oblong  strip  of 
pith.  This  is  very  light  and  i>resents  no  difficulty  in  pinning.  The  strips 
may  be  made  of  considerable  length  and  both  sexes  may  bo  pinned 
on  the  same  block  (see  Fig.  103).  Most  Lepidoptera  present  on  the 
under  surface  an  entirely  different  aspect  from  that  on  the  upi)er  surface, 
and,  in  such  cases,  it  is  a  good  plan  to  mount  a  number  of  specimens 
obversely. 

ReUunng, — It  will  frequently  be  desirable  to  re-spread  insects  which 
have  been  incorrectly  mounted,  or  to  spread  specimens  which 
have  been  collected  and  stored  in  papers,  or  pinned  and  allowed  to  dry 
without  being  prepared  for  the  cabinet.  Such  specimens  may  be  re- 
laxed by  plac».ing  them  in  a  tight  tin  vessel  half  filled  with  moist  sand 
to  which  a  little  carbolic  acid  has  been  iwlded  to  prevent  molding. 
Small  specimens  will  be  sufficiently  relaxed  to  si)rcad  in  twenty  four 
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hours.  Larger  specimens  require  from  two  to  three  days.  More  rapid 
relaxing  may  be  caused  by  the  use  of  steam,  and  a  flat  piece  of  cork  with 
the  specimens  laid  or  pinned  thereon  and  floated  on  the  top  of  hot  water 
in  a  closed  vessel  constitutes  an  excellent  relaxing  arrangement. 

Inflation  of  the  Larvce  of  Lepidoptera. — The  larvae  of  Lepidoptera  pre- 
served in  alcohol  are  excellent  for  anatomical  and  general  study,  but 
are  not  very  suitable  for  use  in  economic  displays.  This  means  of 
preservation  also  has  the  disadvantage  of  not  generally  preserving 
the  natural  color  and  appearance  of  the  specimens.  These  objections 
may  be  avoided,  however,  by  the  dry  method  of  preserving  larv»,  viz, 
by  blowing  or  inflation.  The  process  may  be  described  as  follows: 
The  larva  may  be  operated  upon  alive,  but  should  preferably  be  first 
killed  by  dipping  in  chloroform  or  alcohol,  or  in  the  cyanide  bottle.  It 
is  then  placed  on  a  piece  of  blotting  paper  and  the  alimentary  canal 
caused  to  protrude  from  one-eighth  to  one-fourth  of  an  inch,  by  rolling 
a  pencil  over  the  larva  from  the  head  to  the  posterior  extremity.  The 
protniding  tip  is  then  severed  with  a  sharp  knife  or  pair  of  dissecting 
scissors,  and  the  contents  of  the  abdomen  are  forced  out  by  passing  a 
pencil,  as  before,  a  number  of  times  over  the  larva.  Great  care  should 
be  exercised  in  expressing  the  fluids  not  to  press  the  pencil  too  strongly 
against  the  larva  or  to  continue  the  operation  too  long,  as  this  will, 
especially  in  delicate  larvae,  remove  the  pigment  from  the  skin,  and  the 
spe(;imen  when  dried  Mali  show  discolored  spots  and  be  more  or  less 
distorted.  The  larva  should  be  moved  from  place  to  place  on  the  blot- 
ting i)aper  during  the  operation,  so  as  not  to  become  soiled  by  its  own 
juices.  A  straw,  or  a  glass  tube  drawn  to  a  point  at  the  tip,  is  then 
inserted  in  the  protruding  portion  of  the  alimentary  canal.  It  a  straw 
is  used  the  larva  may  be  fastened  to  it  by  thrusting  a  pin  through  the 
wall  of  the  canal  and  the  straw.  In  the  case  of  the  glass  tube  the  ah- 
mentary  c  anal  can  be  caused  to  adhere  by  drying  for  a  few  minutes 
and  this  operation  may  be  hastened  and  the  fastening  made  more 
secure  by  touching  the  point  of  union  with  a  drop  of  glue.  The  straw 
or  glass  tube  is  then  attached  to  a  small  rubber  bag,  previously  inflated 
with  air,  the  ordinary  dentist's  or  chemist's  gas  bag  answering  admir- 
ably for  this  purpose.  The  larva  is  now  ready  for  drying,  and  for  this 
purpose  a  drying  oven  is  re^iuired  into  which  it  is  thrust  and  ma- 
nipulated by  turning  it  from  side  to  side,  to  keep  it  in  proper  shape  and 
dry  it  uniformly  until  the  moisture  has  been  thoroughly  expelled.  An 
apparatus  which  I  have  found  very  convenient  for  this  purpose  is  rep- 
resented at  Fig.  109.  It  consists  of  a  tin  box  with  mica  or  glass 
slides,  e,  to  allow  the  larva  to  be  constantly  in  sight.  It  has  also  a 
hinged  top,  6,  which  maybe  kept  closed  or  partly  open,  or  entirely 
oi>en,  as  may  be  necessary,  during  the  operation.  The  ends  of  the 
box  are  prolonged  downward  about  o  inches,  forming  supports  for 
it,  g.  Beneath  it  is  placed  an  alcohol  lamp,  /,  which  liirnishes  the 
heat.    In  the  end  of  the  box  is  a  circular  opening,  <?,  for  the  introdue- 
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tion  of  the  larva,  and  this  may  be  entirely  or  partly  closed  by  a  sliding 
door,  a.    It  will  l)e  found  of  advantage  to  line  the  bottom  of  the  box 

(inside)  with  a  brass  screen  of 
very  fine  mesh  to  distribute 
and  equalize  the  heat.  This 
apparatus  can  be  very  easily 
made  by  any  tinsmith  and  will 
answer  every  purpose. 

The  larvje  of  Microlepidop- 
tera  or  young  larvae  may  be 
dried  without  expressing  the 
body  contents,  and  will  keep, 
to  a  great  extent,  their  normal 
shape  and  appearance.  The 
method  consists  in  placing 
them  on  a  sand  bath,  heated 
by  an  alcohol  lamp.  The  va- 
por generated  by  the  heat  in 
the  larvae  inflates  them  and 
keeps  the  skin  taut  until  the 
juices  are  entirely  evaporated. 
They  may  then  be  glued  at 
once  to  cardboard  and  pinned 
in  the  cases. 

In  the  mounting  of  large  in- 
flated larvtB  I  have  adopted 
the  plan  of  supporting  them  on  covered  copper  wire  of  a  size  varying  with 
the  size  of  the  larva.  A  pin  is  first  thrust  through  a  square  bit  of  cx)rk  and 
the  wire  brought  tightly  about  it  and  wrapped  once  or  twice,  compress- 
ing the  cork  and  giving  a  firm  attachment  to  the  pin.  The  wire  is  then 
neatly  bent  to  form  a  diamond- shai>ed  loop  about  one-sixth  of  an  inch 
in  length  and  again  twisted  loosely  to  the  end — the  length  of  the  twisted 
portion  about  e(iualling  that  of  the  larva  to  be  mounted.  This  is  then 
either  thrust  into  the  blown  skin  of  the  larva  through  the  anal  opening, 
the  larva  being  glued  to  the  wire  by  the  posterior  extremity,  or  the 
larva  is  glued  to  the  wire  by  the  abdominal  legs  and  venter,  thus  rest- 
ing on  the  wire  as  on  a  twig.  This  style  of  mounting  is  illustrated  in 
PI.  I.  With  a  little  experience  the  operator  will  soon  be  able  to  inflate 
the  most  delicate  larvje  and  also  the  very  hairy  forms,  as  for  instance 
Orgyia  leucostigmaj  without  the  least  iiyury,  so  that  the  natural  colors 
and  appearance  will  be  preserved. 

Another  very  good  method,  and  still  safer,  is  to  blow  with  straw,  cut 
the  straw  square  off  at  the  anus,  and  then  preserve  the  thoroughly 
dried  and  blown  specimen  in  a  glass  tube  of  about  the  same  length  and 
diameter  as  the  lai'va.  This  arrangement  in  conjunction  with  the  tube 
holder,  which  will  be  described  further  on,  is  one  of  the  most  satisfac- 
tory for  the  preservation  of  inflated  larv®. 
2564 6 


Fio.  109. — Drying  oven  for  the  inflation  of  larvio 

(original). 
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For  the  biological-display  collection,  larvae  may  be  blown  in  various 
natural  positions,  to  be  subsequently  fastened  on  leaf  or  twig  or  in  bur- 
rows which  they  have  occupied.  Fastened  to  artificial  foliage  in  which 
nature  is  imitated  as  much  as  possible,  such  blown  larvae  are  quite, 
effective. 

Stuffing  Insects. — Large  larvae  may  sometimes  be  satisfactorily  pre- 
served for  exhibition  purposes  by  stufSng  them  with  cotton.  The 
method  consists  simply  in  making  a  small  slit  with  the  dissecting  scissors 
or  a  short  scali)el  between  the  abdominal  prolegs,  and  removing  the  body 
contents.  Powdered  arsenic  or  some  other  preservative  should  be  put  in 
the  body  of  the  larva  with  the  cotton  used  in  stuffing  it,  and  the  sUt 
closed  by  a  few  stitches,  when  the  larva  may  be  dried  and  mounted  on  a 
twig  or  leaf.  This  method  of  stuffing  with  cotton  is  also  applicable  in  the 
case  of  certain  large-bodied  insects  which,  if  mounted  and  put  away 
without  preparation,  would  be  liable  to  decompose,  as,  for  instance,  the 
larger  moths,  grasshoppers,  etc.  A  slit  can  be  made  in  the  center  of 
the  abdomen  or  near  the  anus  beneath,  and  the  body  contents  removed 
and  replaced  with  cotton.  Stuffing  in  this  way  with  cotton  is  of  especial 
advantage  in  the  case  of  certain  of  the  large  endophytous  insects  which 
grease  badly.  The  cut  will  not  be  noticed  after  the  insect  has  dried,  or 
it  may  be  closed  by  a  stitch  or  two. 

Dry  Preservation  of  Aphides  and  other  soft-bodied  Insects, — Difficulty 
has  always  been  experienced  in  preserving  sofb-bodied  insects,  particu- 
larly Aphides,  in  a  condition  serviceable  for  subsequent  scientific  study. 
Kept  in  alcohol  or  other  antiseptic  fluid,  they  almost  invariable  lose 
much  of  their  normal  apx)earance,  and  many  of  the  important  charac- 
teristics, especially  of  color,  are  obscured  or  lost.  The  balsam  mount  is 
also  unsatisfactory  in  many  respects,  as  the  body  is  always  more  or  less 
distorted  and  little  can  be  relied  upon  except  the  venation  and  the 
jointed  appendages.  A  method  of  preserving  soft-bodied  insects  by 
means  of  the  sudden  application  of  intense  heat  was  communicated  to 
the  Entomologische  Nachrichten,  Vol.  iv,  page  155,  by  Herr  D.  H.  B. 
von  Schlechtendal.  It  is  claimed  for  this  method  that  the  Aphides  and 
other  soft-bodied  insects  can  be  satisfactorily  preserved  in  form  and  col- 
oring, the  success  of  the  method  being  vouched  for  by  a  number  of 
well-known  German  entomologists,  Kaltenbach,  Giebel,  Taschenberg, 
Mayr,  and  Rudow.  A  condensed  translation  of  the  method  employed 
by  Schlechtendal  is  given  by  J.  W.  Douglas  in  the  EntomologisU? 
Monthly  Magazine  for  December,  1878,  which  I  quote: 

The  heat  is  derived  from  the  flame  of  a  spirit  or  petroleum  lamp  Above  this  is 
placed  a  piece  of  sheet-tin,  and  over  this  the  roasting  proceeds.  A  bulging  lamp 
cylinder,  laid  horizontally ,  serves  as  a  roasting  oven.  In  this  the  insect  to  be  dried, 
when  prepared  as  directed,  and  stuck  on  a  piece  of  pith,  is  to  be  held  over  the  flame ; 
or  the  cylinder  may  be  closed  at  the  lower  end  with  a  cork,  which  should  extend  far 
inwards,  and  on  this  the  insect  should  be  fastened ;  the  latter  mode  being  preferable 
because  the  heat  is  more  concentrated,  and  one  hand  is  left  free.  The  mode  of  pro- 
cedure varies  according  to  the  nature  of  the  objects  to  bo  treated.  For  the  class  of 
larger  objects,  such  as  Hemiptera,  Cicadina,  and  Orthoptera,  in  their  young  stages  of 
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ttxistence,  the  heat  must  not  be  slight,  but  a  little  practice  shows  the  proper  tem- 
perature required.  If  the  heat  be  insufficient,  a  drying  up  instead  of  a  natural  di»- 
t«Dtion  ensues.  The  insect  to  be  roasted  is  to  be  pierced  by  a  piece  of  silver  wire 
uD  the  under  side  of  the  thorax,  but  it  is  not  to  be  inserted  so  far  as  to  damage 
the  upper  side,  and  the  wire  should  then  be  carried  through  a  disk  of  pith,  placed 
lieaeath  tbe  insect,  on  which  the  legs  should  be  set  out  in  the  desired  position. 
Bat  with  some  objects,  such,  for  instance,  as  a  young  Str<ichia,  the  drying  pro- 
ceeds very  quickly,  so  that  if  distention  be  not  observed  then  the  heat  is  too  great, 
for  the  expansion  of  the  air  inside  will  force  off  the  head  with  a  loud  report ;  also, 
with  softer,  thicker  Pentatomidse  care  must  be  taken  to  begin  with  a  heat  only  so 
strong  that  the  internal  juices  do  not  boil,  for  in  such  case  the  preparation  would  be 
spoiled.  It  is  of  advantage  to  remove  the  cylinder  from  time  to  time,  and  test,  by 
means  of  a  lens,  if  a  contraction  of  the  skin  has  taken  place  on  any  part;  if  so,  the 
roasting  is  to  be  continued.  The  desired  hardness  may  be  tested  with  a  bristle  or 
wire. 

For  Aphides  the  living  Aphis  is  to  be  put  on  a  piece  of  white  paper,  and  at  the  mo- 
ment when  it  is  in  the  desired  position  it  is  to  be  held  over  the  flame,  and  in  an  in- 
stant it  will  be  dead  and  will  retain  the  attitude.  Then  put  it,  still  on  the  paper, 
into  the  oven ;  or,  still  better,  hold  it  over  the  heated  tin,  carefully  watching  the 
drying  and  mdving  the  paper  about  in  order  to  prevent  it  getting  singed.  The  roast- 
ing IS  quickly  accomplished  in  either  way,  but  somewhat  slower  out  of  the  oven  es- 
peciaUy  in  the  larger  kinds,  such  as  Lachnus.  If  the  paper  turn  brown  it  is  a  sure 
sign  that  caution  is  requisite.  To  pierce  these  brittle  preparations  for  preservation 
is  hasardons,  and  it  is  a  better  way  to  mount  them  with  gum  on  card,  placing 
some  examples  on  their  back. 

For  Cecidomy  idle,  Agromy  zidaD,  Cynipidse,  and  other  small  insects  liable  to  shrink,  yet 
containing  but  little  moisture,  such  as  Poduridse,  Pediculidu),  Psyllidce,  etc.,  another 
method  is  adopted.  Over  the  insect,  mounted  on  a  wire,  etc.,  as  above  directed,  a 
thin  chemical  reagent  glass  or  glass  rod,  heated  strongly  at  one  end,  is  held,  and  the 
heat  involved  is  generally  sufficient  to  bring  about  the  immediate  drying  and  dis- 
tention, but  if  the  heat  be  too  little  the  process  must  be  repeated ;  and,  although  by 
this  method  the  danger  of  burning  is  not  obviated,  yet  the  position  of  the  legs  is 
maintained  much  better  than  by  the  aforesaid  roasting. 

Larvie  of  all  kinds,  up  to  the  size  of  that  of  ^a^^nomu^  (edilisj  even  when  they  have 
long  been  kept  in  spirits,  may  be  treated  successfully  by  the  roasting  method;  but 
with  these  objects  care  must  be  taken  that  the  heat  is  not  too  strong  or  else  the 
form  will  be  distorted.  For  small  larvte  it  is  preferable  to  use  a  short  glass,  in  order 
l>etter  to  effect  their  removal  without  touching  the  upper  part,  which  becomes  covered 
with  steam,  and  contact  with  which  would  cause  the  destruction  of  the  preparation. 
LarvflD  of  Coleoptera,  which  contain  much  moisture  or  have  a  mucous  surface,  must 
lie  on  a  bed  of  paper  or  pith  in  order  to  prevent  adhesion  and  burning,  and  these 
may  be  farther  avoided  if  the  cylinder  be  slightly  shaken  during  the  process,  and  the 
position  of  the  object  be  thereby  changed. 

Many  Aphides  and  Cocclds  are  covered  with  a  waxy  secretion  which 
interferes  very  materially  with  their  easy  examination.  Mr.  Howard 
has  overcome  this  difficulty  by  the  following  treatment: 

"With  Aphides  and  Coccids  which  are  covered  with  an  abundant 
waxy  secretion  which  can  not  be  readily  brushed  away,  we  have  adopted 
the  plan  of  melting  the  wax.  We  place  the  insect  on  a  bit  of  platinum 
foil  and  pass  it  once  over  the  flame  of  the  alcohol  lamp.  The  wax  melts 
at  a  surprisingly  low  temperature  and  leaves  the  insect  perfectly  clean 
for  study.  This  method  is  particularly  of  use  in  the  removal  of  the  waxy 
cocoon  of  the  pupse  of  male  Coccidae,  and  is  quicker  and  more  thorough 
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than  the  use  of  any  of  the  chemical  wax  solvents  which  we  have  tried." 
{Insect  Li/ej  I,  p.  152.) 

Mounting  Specimens  for  the  Microscope.—ThQ  study  of  the  minuter 
forms  of  insect  life,  including  Parasites,  Thysanura,  Mallophaga,  the 
newly  hatched  of  most  insects,  etc.,  requires  the  use  of  the  microscope, 
and  some  little  knowledge  of  the  essentials  of  preparing  and  mounting 
specimens  is  needed.  The  subject  of  mounting  the  different  organs  of 
insects  and  the  preparation  for  histological  study  of  the  soft  parts  of 
insects  opens  up  the  immense  field  of  microscopy,  the  use  of  the 
innumerable  mounting  media,  the  special  treatment  of  the  objects  to  be 
mounted,  staining,  section-cutting,  and  many  other  like  topics,  a  full 
description  of  which  is  altogether  out  of  place  in  the  present  work. 
Anyone  desiring  to  become  thorougldy  versed  in  the  subject  should 
consult  some  of  the  larger  manuals  for  the  microscopist,  of  which  there 
are  many.  For  the  practical  working  entomologist,  however,  a  knowl- 
edge of  all  these  methods  and  processes  is  not  essential,  and  in  my  long 
experience  I  have  found  that  mounting  in  Canada  balsam  will  answer 
for  almost  every  purpose.  The  softer-bodied  forms  will  shrink  more  or 
less  in  this  substance,  and  it  is  frequently  necessary  to  make  studies  or 
drawings  of  them  when  freshly  mounted;  or,  if  additional  specimens 
are  preserved  in  alcohol,  they  will  supplement  the  mounted  specimens 
and  the  material  may  be  worked  up  at  the  convenience  of  the  student. 
The  materials  for  the  balsam  mounts  may  be  obtained  of  any  dealer  in 
microscopical  supplies.  They  consist  of  glass  slides,  3  inches  by  1  inch, 
thin  cover-glasses  of  different  dimensions,  and  the  prepared  balsam.  The 
balsam  is  put  up  very  conveniently  for  use  in  tin  tubes.  A  sufficient 
quantity  is  pressed  out  on  the  center  of  the  glass  slide,  which  has  pre- 
viously been  made  thoroughly  clean  and  dry,  the  insect  is  removed  from 
the  alcohol,  and  when  the  excess  of  liquor  has  been  removed  with 
bibulous  paper,  it  is  placed  in  the  balsam,  the  limbs  and  antennae 
being  arranged  as  desired  by  the  use  of  fine  mounting-needles.  A  cover- 
glass,  also  made  thoroughly  clean  and  dry,  is  then  placed  over  the 
si)ecimen  and  pressed  gently  until  the  balsam  entirely  fills  the  space 
between  the  cover  and  the  glass  slide.  The  slide  should  then  be  prop- 
erly labeled  with  a  number  referring  to  the  notes  on  the  insect,  prefera- 
bly placed  on  the  upper  edge  of  the  slide  above  the  cover-gla«s,  and  also 
a  label  giving  the  number  of  the  slide  and  the  number  of  the  slide  box. 
On  the  opposite  end  of  the  slide  may  be  placed  the  label  giving  the 
name  of  the  specimen  mounted  and  the  date.  If  a  revolving  slide  table 
is  employed  to  center  the  mounts,  the  appearance  of  the  slide  may  be 
improved  by  adding  a  circle  of  asphalt  or  Brunswick  black.  With  the 
balsam  mounts,  however,  this  sealing  is  not  necessary.  The  slide  (Pig. 
110)  should  then  be  placed  in  a  slide  case  with  the  mount  uppermost, 
and  should  be  kept  in  a  horizontal  position  to  prevent  sliding  of  the 
cover-glass  and  specimen  until  the  balsam  is  thoroughly  dried.  For 
storing  slides  I  have  found  very  convenient  the  box  shown  at  Fig. 
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HI.  It  is  constructed  of  strong  pa«teboar<I  ami  is  arrangeil  for  holding 
twenty-six  slides.  The  cover  bears  numbers  from  1  to  26,  opposite 
which  the  name  of  each  insect  mounted,  or  the  label  on  tUe  slide,  may 


— 
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fio.  110 noisuu  mauut,  sbowlog  muthuil  al  UlwLlug,  uto.  (urigtnal). 

be  written.  This  box  when  not  in  use  is  kept  in  a  pasteboard  case, 
on  which  may  be  placed  tbe  number  of  the  box.  These  slide  cases 
may  be  stored  in  drawers  or  on  shelves  made  for  the  purpose.  In 
moouting  specimens  taken  &om  alcohol  it  is  advisable  to  put  a  drop  of 


Fm.  111.— Slide  cue,  showliig  melhod  of  labeling  caee  uid  ot  uamberlDg  nnd  labollng  alMea  (nrlgiiial). 

oil  of  cloves  Upon  them,  which  unites  with  the  balsam  and  ultimately 
evaporates.  The  occurrence  of  minute  air  bubbles  under  the  cover- 
glass  need  occasion  no  uneasiness,  for  these  will  disappear  on  the 
dryinj^  of  the  balsam. 

In  mounting  minute  Acarids  or  mites  it  has  been  found  best  to  kill 
the  insects  in  hot  water,  which  causes  them  to  expand  their  legs,  so  that 
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when  mounted  these  appendages  can  readily  be  studied.  If  mounted 
living,  the  legs  are  almost  invariably  curled  up  under  the  body  and  can 
not  be  seen.  This  method  may  also  be  used  in  the  case  of  other  minute 
insects.  Some  insects,  such  as  minute  Diptera,  are  injured  by  the  use 
of  hot  water,  and  for  these  dipping  in  hot  spirits  is  recommended. 

In  the  mounting  of  Aphides  the  same  difficulty  is  avoided  in  a  meas- 
ure by  Mr.  G.  B.  Buckton,  author  of  "A  Monograph  of  the  British 
Aphides,"  by  first  placing  a  few  dots  of  balsam  on  the  glass  slide,  to  which 
the  insect  is  transferred  by  means  of  a  moistened  camel's-hair  brush. 
The  efforts  of  the  insect  to  escape  will  cause  it  to  spread  out  its  legs 
in  a  natural  iwsition  and  a  cover  glass  may  then  be  placed  in  position 
and  a  drop  of  the  balsam  placed  at  the  side,  when,  by  capillarity,  it 
wiU  fill  the  space  between  the  slide  and  cover  glass  and  the  limbs 
will  be  found  to  have  remained  extended.  If  three  or  four  drops  of  the 
balsam  are  put  on  the  glass  the  wings  may  also  be  brought  down  and 
caught  to  them  so  that  they  will  remain  expanded  in  shape  for  ex- 
amination. 

Preparing  and  Mounting  the  Wings  of  Lepuhptera. — ^The  student  of 
Lepidoptera  will  frequently  find  it  necessary  in  the  study  of  the  vena- 
tion of  wings  to  bleach  them  or  denude  them  of  their  scales  in  some 
way.  Various  methods  of  bleaching  and  mounting  the  wings  of  these 
insects  have  been  given,  and  a  few  of  them  may  be  briefly  outlined. 

The  simplest  and  quickest,  but  perhaps  the  least  satisfactory,  method 
is  to  remove  the  scales  Avith  a  camePs-hair  brush.  This  will  answer  for 
the  larger  forms  and  where  a  very  careful  examination  is  not  required. 
For  more  careful  examination  and  study  the  wings  are  first  bleached 
by  the  action  of  some  caustic  solution  and  then  mounted  in  balsam  for 
permanent  preservation.  •  Chambers's  method  for  Tineina,  Tortricina, 
Pyralidina,  and  the  smaller  moths  generally,  is  as  follows:  The  wing  is 
placed  on  a  microscopic  slide  in  from  3  to  4  drops  of  a  strong  solution 
of  potash,  the  amount  varying  ac(*ording  to  the  size  of  the  wing.  A 
cover  of  glass  is  then  placed  in  i>osition  on  the  wing  as  in  ordinary 
mounting. 

The  quantity  of  liquid  should  be  sufficient  to  fill  the  space  beneath, 
but  not  sufficient  to  float  the  cover  glass.  The  mount  is  then  placed 
over  an  alcohol  flame,  removing  it  at  the  first  sign  of  ebullition,  when 
the  wing  will  be  found  denuded,  if  it  be  a  fresh  specimen.  An  old 
sx>ecimen,  or  a  larger  wing,  will  require  somewhat  more  prolonged 
boiling.  The  fluid  is  drawn  off  by  tilting  the  glass  or  with  bibulous 
paper,  and  the  potash  removed  by  washing  with  a  few  drops  of  water. 
The  cover  glass  is  tlien  removed  and  the  wing  mounted  either  on  the 
same  slide  in  balsam  or  floated  to  another  slide,  or  at  once  accurately 
sketched  with  the  camera  lucida.  Permanent  mounting,  however,  is 
always  to  be  recommended. 

The  Dimmock  method  of  bleaching  the  wings  of  Lepidoptera,  given  in 
Psyche,  Vol.  i,  pp.  97-99,  is  as  follows :  He  uses  for  bleaching  a  modificar 
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tion  of  the  chlorine  bleaching  process  commonly  employed  in  cotton 
bleacheries,  the  material  for  which  is  sold  by  druggists  as  chlorate  of  lime. 
The  wings  are  first  soaked  in  pure  alcohol  to  dissolve  out  the  oily  matter, 
which  will  act  as  a  rei)ellant  to  the  aqueous  chlorine  solution.  The  chlo- 
rate of  lime  is  dissolved  in  10  parts  of  water  and  filtered.  The  wings  are 
transferred  to  a  small  quantity  of  this  solution  and  in  an  hour  or  two  are 
thoroughly  bleached,  the  veins,  however,  retaining  a  light  brown  color. 
If  the  bleaching  does  not  commence  readily  in  the  chlorine  solution  the 
action  may  be  hastened  by  previously  dipping  them  in  dilute  hydrochloric 
acid.  When  sufficiently  decolorized  the  wings  should  be  washed  in 
dilute  hydrochloric  acid  to  removethedepositof  calcic  carbonate,  which 
forms  by  the  union  of  the  calcic  hydrate  solution  with  the  carbonic 
dioxide  of  the  air.  The  wings  are  then  thoroughly  washed  in  pure 
water  and  may  be  gummed  to  cards  or  mounted  on  glass  slides  in 
Canada  balsam,  first  washing  them  in  alcohol  and  chloroform  to  remove 
the  moisture.  If  either  of  the  solutions  known  as  eau  de  laharaque  and 
eau  de  javeUe  are  used  in  place  of  the  bleaching  powder,  no  deposit  is 
left  on  the  wings  and  the  washing  with  acid  is  obviated.  This  process 
does  not  dissolve  or  remove  the  scales,  but  merely  renders  them  trans- 
parent, so  that  they  do  not  interfere  with  the  study  of  the  venation. 

Prof.  C.  H.  Pemald  {American  Monthly  Microscopical  Journal^  i,  p. 
172, 1880),  mounts  the  wings  of  Lepidoptera  in  glycerin,  after  having 
first  cleared  them  by  the  Dimmock  process.  After  bleaching  and  washing, 
the  wings  are  dried  by  holding  the  slides  over  an  alcohol  flame,  and  a 
drop  of  glycerin  is  then  applied  and  a  cover  glass  put  on  at  once.  By 
holding  the  slide  again  over  the  flame  until  ebullition  takes  place 
the  glycerin  will  replace  the  air  under  the  wings  and  no  injury  to  the 
structure  of  the  wings  will  result,  even  if,  in  refractory  cases,  the  wing 
is  boiled  for  some  little  time.  The  mount  in  this  method  must  be  sealed 
with  some  microscopic  cement,  as  asphalt  or  Brunswick  black. 

A  method  of  mounting  wings  of  small  Lepidoptera  for  studying 
venation,  which  I  have  found  very  convenient,  is  thus  described 
by  Mr.  Howard  in  Insect  Life^  Vol.  i,  p.  151 : 

"Some  years  ago  we  used  the  following  method  for  studying  the  vena- 
tion of  the  wings  of  small  Lei)idoptera.  We  have  told  it  since  to  many 
friends,  but  believe  it  has  not  been  published.  It  is  in  some  respects 
preferable  to  the  so-called  ^Dimmock  process,'  and  particularly  as  a 
time-saver.  It  is  also  in  this  respect  preferable  to  denudation  with  a 
brush.  The  wing  is  removed  and  mounted  upon  a  slide  in  Canada 
balsam,  which  should  be  preferably  rather  thick.  The  slide  is  then  held 
over  the  flame  of  an  alcohol  lamp  until  the  balsam  spreads  well  over 
the  wing.  Just  as  it  is  about  to  enter  the  veins,  however,  the  slide  is 
placed  upon  ice,  or,  if  in  the  winter  time,  outside  the  window  for  a  few 
moments.  This  thickens  the  balsam  immediately  and  prevents  it  from 
entering  the  veins,  which  remain  permanently  filled  with  air  and  appear 
black  with  transmitted  light.    With  a  little  practice  one  soon  becomes 


BULLETIN    39,  UNITED    STATES   NATIONAL    MUSEUM.  [88] 

exi)ert  enough  to  remove  the*slide  and  cool  it  at  just  the  right  time, 
when  the  scales  will  have  been  rendered  nearly  transparent  by  the 
balsam,  while  the  veins  remain  filled  with  air.  We  have  done  this  sat- 
isfactorily not  only  with  Tortricidse  and  Tineidae,  but  with  Noctuids  of 
the  size  of  Aletia  and  Leucania,  The  mounts  are  permanent,  and  we 
have  some  which  have  remained  unchanged  since  1880.  Prof. 
Eiley  had  for  some  years  before  this  been  in  the  habit  of  mounting 
wings  in  balsam,  in  which  of  course  the  scales  cleared  after  a  time.^ 

Prof.  John  B.  Smith  recommends  a  modification  of  the  Dimmock 
process  of  bleaching  the  wings  of  Lepidoptera,  publishing  it  in  Insect 
Life,  Yol.  I,  pp.  291, 292,  as  follows: 

"By  the  Dimmock  process  the  wings  are  first  acted  upon  by  a  sat- 
urated solution  of  the  chloride  of  lime,  chlorine  being,  of  course,  the 
bleaching  agent.  Afterward  they  are  washed  in  water  to  which  hydro- 
chloric acid  has  been  added,  to  get  rid  of  the  slight  deposit  of  lime. 
The  process  is  a  slow  one  for  thickly  scaled,  dark-colored  insects,  and  it 
occurred  to  me  to  try  a  mixture  of  the  chloride  and  aeid,  liberating  the 
chlorine  gas.  The  method  was  absolutely  successfal,  the  wings  decol- 
orizing immediately  and  being  ready  for  the  slide  within  two  minutes. 
In  fact,  very  delicate  wings  can  scarcely  be  taken  out  quick  enough, 
and  need  very  little  acid.  The  advantage  is  the  rapidity  of  work  and 
the  certainty  of  retaining  the  wings  entire,  the  chloride  of  lime  some- 
times destroying  the  membrane  in  part  before  the  bleaching  is  com- 
plete. The  disadvantage  is  the  vile  smell  of  the  chlorine  gas  when  lib- 
erated by  the  combination  of  the  two  liquids.  For  quick  work  this 
must  be  endured,  and  the  beauty  and  completeness  of  the  result  are 
also  advantages  to  counterbalance  the  discomfort  to  the  senses." 

For  farther  special  directions  for  mounting,  for  microscopic  purposes, 
diflferent  insects  and  the  different  parts  of  insects,  representing  both 
the  external  chytinous  covering  and  the  internal  anatomy,  the  student 
is  referred  to  special  works. 

PBESERVATION   OF  ALCOHOLIC   SPECIMENS. 

Apparatus  and  Methods. — The  collections  of  most  value,  esi>e- 
cially  to  our  various  agricultural  colleges  and  experiment  stations 
will  be  largely  of  a  biologic  and  economic  character,  and  the  interest 
attaching  to  a  knowledge  of  the  life  history  of  insects  will  induce  many 
collectors  to  build  up  independent  biologic  collections.  Very  much  of 
this  biological  material  will  be  alcoholic,  and  though  many  immature 
states  of  insects  may  be  preserved  by  dry  processes,  still  the  bulk  must 
needs  be  kei)t  in  liquid.  This  material  may,  when  not  abundant,  be  kept 
with  the  general  systematic  collection,  but  experience  has  shown  that  it 
is  better  to  make  a  separate  biological  collection,  and  this  is  recommended 
especially  for  State  institutions  where  the  collections  may  be  expected 
to  attain  some  considerable  proi)ortions.  In  the  case  of  such  collections 
it  is  very  desirable  to  adopt  some  method  of  securing  the  vials  in  such  a 
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manner  that  they  can  easily  be  transferred  from  one  place  to  another  and 
fastened  in  the  boxes  or  drawers  employed  for  pinned  insects.  For 
directions  in  this  regard  I  reproduce  from  an  article  on  the  subject  in 
Insect  Life,  Vol.  n,  pp.  345,  346,  which  was  republished,  with  slight 
changes,  from  my  annual  report  for  1886  as  Honorary  Curator.* 

VialSj  Stoppers  and  Holders. — ^The  vials  in  use  to  preserve  such  speci- 
mens as  must  be  left  in  alcohol  or  other  liquids  are  straight  glass  tubes 
of  varying  diameters  and  lengths,  with  round  bottom  and  smooth  even 
mouth.  The  stoppers  in  use  are  of  rubber,  which,  when  tightly  put  into 
the  vial,  the  aii;  being  nearly  all  expelled,  keep  the  contents  of  the  vial 
intact  and  safe  for  years. 

Various  forms  of  bottles  are  used  in  museums  for  the  preservation  of 
nunute  alcoholic  material.  I  have  tried  the  flattened  and  the  square  and 
have  studied  various  other  forms  of  these  vials;  but  I  am  satisfied  that 
those  just  described,  which  are  in  use  by  Dr.  Hagen  in  the  Cambridge 
Museum,  are,  all  things  considered,  the  most  convenient  and  econom- 
ical. A  more  difficult  problem  to  solve  was  a  convenient  and  satisfac- 
tory method  of  holding  these  vials  and  of  fastening  them  into  drawers 
or  cases  held  at  all  angles,  from  perpendicular  to  horizontal.  Most  alco- 
hoUc  collections  are  simply  kept  standing,  either  in  tubes  with  broad 
bases  or  in  tubes  held  in  wooden  or  other  receptacles;  but  for  a  biologic 
collection  of  insects  something  that  could  be  used  in  connection  with 
the  pinned  specimens  and  that  could  be  easily  removed,  as  above 
set  forth,  was  desirable.  After  trying  many  different  contrivances  I 
finally  prepared  a  block,  .with  Mr.  Ilawley's  assistance,  which  answers 
every  purpose  of  simplicity,  neatness,  security,  and  convenience.  It  is, 
so  far  as  I  know,  unique,  and  will  be  of  advantage  for  the  same  purpose 
to  other  museums.  It  has  been  in  use  now  for  the  past  six  years,  and 
has  been  of  great  help  and  satisfaction  in  the  arrangement  and  preser- 
vation of  the  alcoholic  specimens,  surpassing  all  other  methods  for  ease 
of  handling  and  classifying. 

The  blocks  are  oblong,  one-fourth  of  an  inch  thick,  the  ends  (c  c.  Fig. 
112)  beveled,  the  sides  either  beveled  or  straight,  the  latter  preferable. 
They  vary  in  length  and  breadth  according  to  the  different  sizes  of 
the  vials,  and  are  painted  white.  Upon  the  upper  side  of  these  blocks 
are  fastened  two  curved  clamps  of  music  wire  {b  ft),  forming  about  two- 
thirds  of  a  complete  circle.  The  fastening  to  the  block  is  simple  and 
secure.  A  bit  of  the  wire  of  proper  length  is  first  doubled  and  then 
by  a  special  contrivance  the  two  ends  are  bent  around  a  mandrel  so  as 
to  form  an  insertion  point  or  loop.  A  brad  awl  is  used  to  make  a  slot  in 
the  block,  into  which  this  loop  is  forced  (e.  Fig.  112,  5),  a  drop  of  warm 
water  being  first  put  into  the  slot  to  soften  the  wood,  which  swells  and 
closes  so  firmly  around  the  wire  that  considerable  force  is  required  to 
pull  it  out.    Four  pointed  wire  nails  {d  d  d  d),  set  into  the  bottom  so  as 
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to  project  about  one-fourth  inch,  serve  to  hold  the  block  to  the  cork 
bottom  of  the  case  or  drawer  in  which  it  is  to  be  placed.  The  method 
of  use  is  simple  and  readily  seen  from  the  accompanying  figures,  which 
represent  the  block  from  all  sides. 

The  advantages  of  this  system  are  the  ease  and  security  with  which 
the  block  can  be  placed  in  or  removed  from  a  box;  the  ease  with  which 
a  vial  can  be  slipped  into  or  removed  from  the  wire  clamps;  the  security 
with  which  it  is  held,  and  the  fact  that  practically  no  part  of  the  con- 
tents of  the  vial  is  obscured  by  the  holder — the  whole  being  visible  from 
above. 

The  beveled  ends  of  the  block  may  be  used  for  labeling,  or  pieces  of 
clean  card-board  cut  so  as  to  proje<^t  somewhat  on  all  sides  may  be  used 
for  this  purpose,  and  will  be  held  secure  by  the  pins  between  the  block 
and  the  cork  of  the  drawers. 
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FlO.  112. — Vial  holder;  1,  block,  with  vial,  bcvolod  on  all  sidos:  2.  do.,  beveled  only  on  ends;  3,  block, 
end  view ;  5,  do.,  section ;  4,  6,  do.,  side  views ;  a,  block ;  b,  spring- wire  clamps ;  e,  beveled  ends  of  block; 
d,  pointed  wire  nails ;  e,  point  of  insertion  of  clamp.  (Lettering  on  all  figures  corresponds.) 

The  use  of  rubber  stoppers  in  this  country  was  first  instituted  by  Dr. 
H.  A.  Hagen  in  connection  with  the  Cambridge  biological  collection, 
and  he  has  made  scJme  very  careful  records  to  determine  the  durability 
of  such  stoppers.  From  an  examination  of  some  seven  thousand  vials 
with  rubber  stoppers,  two-thirds  of  which  had  been  in  use  for  from  ten 
to  twelve  years,  he  comes  to  the  conclusion  that  less  than  one  in  a 
thousand  gives  out  every  year  after  twelve  years'  use,  and  in  the  first 
six  years  probably  only  one  out  of  two  thousand.  Stoppers  of  large 
size  keep  much  longer  than  those  of  small  size.  American  rubber 
stoppers  are  all  made  of  vulcanized  India  rubber  and  have  the  disad- 
vantage of  forming  small  crystals  of  sulphur  about  the  stopper,  which 
become  loosened  and  attach  themselves  to  the  specimen  s.    It  is  supposed 
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that  pure  rubber-stoppers  used  for  chemical  purposes  would  not  pre- 
sent this  disadvantage,  which  may  be  obviated,  however,  or  very  much 
reduced,  if  the  stoppers  are  washed  or  soaked,  preferably  in  hot  water, 
for  an  hour  or  two  at  least. 

If  stoppers  are  stored  for  a  considerable  time  and  exposed  to  the  air 
they  become  very  hard  and  unfit  for  use,  and  Dr.  Ilagen  has  drawn  at- 
tention to  a  method  recommended  by  Professsor  W.  Heniple,  of  Dres- 
den, Saxony,  of  preventing  them  from  becoming  thus  hardened.  He 
says  that  to  keep  rubber  stoppers  or  rubber  apparatus  of  any  sort 
elastic,  they  should  be  stored  in  large  glass  jars  in  which  an  open  vessel 
containing  petroleum  is  placed.  This  treatment  prevents  the  evapora- 
tion of  the  fluids  which  are  fixed  in  the  rubber  in  the  process  of  vulcan- 
ization. It  is  better  also  to  keep  the  light  from  the  jar.  To  soften 
8topx)er8  which  have  already  become  hardened,  they  should  be  brought 
together  in  ajar  with  sulphuret  of  carbon  until  they  are  pliable  and 
afterward  kept  as  recommended  above. 

In  the  use  of  the  rubber  stopper  the  novice  may  find  some  diflBculty 
in  inserting  it  in  a  vial  filled  with  alcohol.  The  compression  of  the  alco- 
hol, or  alcohol  and  air  when  the  vial  is  not  completely  filled,  forces  the 
stopper  out,  and  this  is  true  whether  of  rubber  or  cork.  If  a  fine  insect 
pui  is  placed  beside  the  cork  when  this  is  thrust  into  the  bottle,  the  air 
or  liquid  displaced  by  the  cork  will  escape  along  the  pin  and  the  latter 
may  then  be  removed  and  the  cork  remains  securely  in  position. 

If  cork  stoppers  have  been  used  the  vials  may  be  stored  in  large 
quantities  together  in  jars  filled  with  alcohol.  This  will  prevent  evap- 
oration of  the  alcohol  from  the  vials,  and  the  specimens  may  be  pre- 
served indefinitely.  This  is  only  desirable  in  the  storage  of  dupliciite 
specimens  and  unarranged  material  and  is  not  recommended  as  a  sub- 
stitute for  the  use  of  the  rubber  stopper.  With  cork  stoppers  evapor- 
ation can  be  in  a  measure  prevented  if  the  cork  is  first  anointed  with 
the  petroleum  preparation  known  as  vaseline.  This  substance  is  prac- 
tically unaffected  at  ordinary  temperature  and  is  sparingly  soluble  in 
cold  alcohol.  Experiments  with  it  have  shown  that  at  ordinary  spring 
and  summer  temperatures  there  is  no  appreciable  loss  of  alcohol  from 
vials  and  jars. 

My  old  method  of  keeping  alcoholic  specimens,  which  I  abandoned 
for  the  method  outlined  above,  was  fairly  serviceable,  inexpensive,  and 
warrants  description. 

I  had  special  folding  boxes  constructed  resembling  in  exterior  ap- 
pearance a  large  insect  box.  The  bottom  of  the  box  was  solid  and  was 
made  by  gluing  together  two  IJ-inch  planks. 

Holes  extending  nearly  thi'ough  the  lower  plank  and  of  various  sizes 
to  accommodate  vials  of  different  diameters  were  bored  as  closely  to- 
gether as  the  wood  justified  without  si)litting  or  breaking. 

The  holes  were  numbered  consecutively  and  the  vials  when  placed  in 
them  were  numbered  to  correspond;  the  box  also  had  its  number,  and 
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in  the  notes  the  vial  was  referred  to  by  number  of  box  and  vial  thas, 
VV  (box  3,  vial  73).  The  vial  should  project  one-half  to  1  inch  above 
the  hole,  and  should  be  loose  enough  to  i)rovide  for  the  swelling  of  the 
wood  in  moist  weather. 

To  protect  the  vials  a  cover  having  a  depth  of  about  IJ  inch  was 
hinged  to  the  back  and  secured  in  front  by  hook-and-eye  fastenings. 

This  method  of  storing  vials  is  satisfactory  enough  for  private  collec- 
tions, but  for  larger  public  collections  is  not  so  suitable. 

A  rather  convenient  and  inexpensive  method  of  storing  vials  is  that 
used  by  Dr.  Marx.    In  this  method  the  vials  are  stored  in  a  wooden 


Fia.  113.— The  Marx  tray  for  alcoholic  specimens  (original.) 

frame,  sliown  at  Fig.  113.  Tlie  top  piece  of  the  tray  into  which  the 
vials  are  thrust  has  a  cork  center,  in  which  holes  ex)rresponding  to  the 
size  of  the  vials  are  made  with  a  gun-wad  punch.  The  outer  end  of  the 
tray  bears  a  label  or  labels  describing  the  material  in  the  tray.  The 
vials  used  by  Dr.  Marx  are  of  thinner  glass  than  those  which  I  recom- 
mend and  flare  slightly  at  the  top,  as  shown  in  the  accompanying 
illustrations.    They  are  made  in  various  sizes  to  accommodate  larger 

and  smaller  specimens.  A  vial  thrust  into 
the  hole  punched  in  the  cork  rests  on  the  bot- 
tom piece  of  the  tray,  the  flange  or  neck  pre- 
venting it  from  sliding  through.  These  trays 
are  arranged  on  shallow  shelves  in  a  case  or 
cabinet,  especially  constructed  for  the  purpose 
and  a  large  quantity  of  material  may  be  stored 
by  their  use  in  small  compass.  The  use  of  the 
cork  center  piece  in  the  upper  part  of  the 
tray  is  not  a  necessity,  and  a  wooden  piece 
may  be  used  in  which  holes  are  bored  with  a 
bitt  of  proper  size. 

Preserving  Microlarvce  in  Alcohol, — The 
following  is  quoted  from  Pai^kard's  "  Entomology  for  Beginners,'' for 
which  it  was  translated  from  the  ^'Deutsche  Ent.  Zeitg.y^  1887,  Heft  I: 

"Dr.  n.  Dewitz  mounts  the  larvje  and  pupjc  of  Microlepidoptera, 
and  also  the  early  stages  of  other  small  insects,  in  the  following  way: 
The  insects  are  put  into  a  bottle  with  95  j)er  cent  alcohol.  Many  larvae 
turn  black  in  alcohol,  but  boiling  them  in  alcohol  in  a  test  tube  will 
bleach  them.  They  may  then  be  finally  placed  in  glass  tubes  as  small 
and  thin  as  possible,  varying  from  0.003  to  0.006  meter  in  diameter. 


Fio.  114*— Viala  aiaed  in  the  Marx 
ta^y  (original. ) 
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according  to  the  size  of  the  insects.  About  0.07  meter's  length  of  a  tube 
is  melted  over  a  spirit  lamp,  and  the  tube  filled  three-quarters  full  with 
95  per  cent  alcohol,  the  insects  placed  within  and  the  contents  of  the 
tube  heated  at  the  end  still  open,  and  then  closed  by  being  pulled  out 
with  another  piece  of  glass  tubing.  After  the  glass  has  been  held  a 
few  minutes  in  the  hand  until  it  is  slightly  coole<l  off,  the  end  closed 
last  is  once  more  held  over  the  lamp  so  that  the  points  may  be  melted 
together,  and  this  end  of  the  glass  may 
be  finished.    During  the  whole  time 

fix)m  the  closure  of  the  tube  until  the     z^^^^gg^^^^^ 

complete  cooling  of  the  glass  it  should 
be  held  obliquely  in  the  hand,  so  that 

the  aJcohol  may  not  wet  the  upper  end,       ^-  ^  J^V^^^  (ICriTtir"** 
for  if  the  tube  is  too  full  it  is  difficult 

to  melt  it,  as  the  steam  quickly  expanding  breaks  through  the  softened 
mass  of  glass.  The  tube  may  be  mounted  by  boring  a  hole  through  a 
cork  stopper  of  the  same  diameter  as  the  glass.  The  stopper  is  cut  into 
the  shape  of  a  cube,  a  strong  insect  pin  put  through  it,  and  the  glass 
tube  inserted  into  the  hole.  It  can  then  be  pinned  in  the  insect  box  or 
drawer,  near  the  imago,  so  that  the  free  end  of  the  glass  may  touch  the 
bottom,  while  the  other  end  stands  up  somewhat;  while  to  keep  the  tube 
in  place  the  free  end  resting  on  the  bottom  may  be  fastened  with  two 
strong  insect  pins.  The  specimens  thus  put  up  can  easily  be  examined 
with  a  lens,  and  if  they  need  to  be  taken  out  for  closer  examination  the 
tube  can  be  oi)ened  and  closed  again  after  a  little  practice." 

Peesebvative  Fluids. — ^The  principal  liquids  in  which  soft-bodied 
insects  may  be  successfully  preserved  are  the  following : 

Alcohol. — ^As  indicated  in  the  foregoing  portions  of  this  work,  alcohol 
is  the  standard  preservative  used  for  soft-bodied  specimens,  and  may 
be  used  either  full  strength  or  diluted  with  water.  Diluted  alcohol 
should  always  be  first  used  with  larvaB,  since  the  pure  alcohol  shrivels 
them  up.  The  weak  spirits  can  afterwards  be  replaced  by  strong,  for 
permanent  preservation. 

Alcohol  and  White  Arsenic. — The  method  of  preserving  insects  recom- 
mended by  Laboulbfene  and  quoted  in  Packard's  Entomology  for  Begin- 
ners, consists  in  plunging  the  insects  in  the  fresh  state  into  a  preserva- 
tive hquid,  consisting  of  alcohol  with  an  excess  of  the  common  white 
arsenic  of  commerce.  The  larva  placed  in  tliis  mixture  absorbs  .003  of 
its  own  weight,  and  when  removed  and  pinned  is  safe  from  the  attacks 
of  museum  pests.  This  liquid  is  said  not  to  change  the  colors,  blue, 
green  or  red  of  beetles,  if  they  are  not  immersed  for  more  than  twenty- 
four  hours.  This  treatment  is  applicable  to  the  orders  Coleoptera, 
Hemiptera,  and  Orthoptera.  If  the  insect  is  allowed  to  stay  in  this 
mixture  for  a  considerable  time,  say  three  or  four  weeks,  and  then 
removed  and  dried,  it  becomes  very  hard  and  brittle  and  can  not  be 
used  for  dissection  or  study,  but  makes  a  good  cabinet  specimen. 
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The  white  deposit  of  arsenic  which  wiD  appear  on  di*ying  can  be  washed 
off  with  alcohol. 

Alcohol  and  Corrosive  Sublimate. — The  same  author  recommends 
another  preparation  consisting  of  alcohol  with  a  variable  quantity  ol 
corrosive  sublimate  added,  the  strength  of  the  solution  varying  from 
100  parts  of  alcohol  to  1  part  of  corrosive  sublimate  for  the  strongest, 
to  one-tenth  of  1  part  of  sublimate  in  100  parts  of  alcohol  for  the  weak- 
est. The  insects  are  allowed  to  remain  in  this  mixture  not  longer  than 
two  hours  before  drying.  The  last-described  preparation  is  said  to 
preserve  the  specimens  from  mold.  Both  of  these  solutions  are  very 
poisonous  and  should  be  used  with  care. 

Two  Liquids  to  preserve  Form  and  Color. — Professor  Packard  also 
quotes  the  formula  of  A.  E.  Venull  for  preserving  insects  in  their  natural 
color  and  form.  Two  formulas  are  given ;  the  first  consists  of  2^  pounds 
of  common  salt  and  4  ounces  of  niter  dissolved  in  a  gallon  of  water  and 
filtered.  The  specimens  should  be  prepared  for  permanent  preservation 
in  this  solution  by  being  previously  immersed  in  a  solution  consisting 
of  a  quart  of  the  first  solution  and  2  ounces  of  arsenite  of  potash  in 
a  gallon  of  water.  Professor  Packard  gives  also  the  formula  of  M.  H. 
Trois  for  preserving  caterpillars,  for  which  it  is  claimed  that  the  colort 
of  the  caterpillars  are  preserved  perfectly,  even  when  exposed  to  strong 
light.    The  formula  for  this  solution  is  as  follows: 

Common  salt grams. .  2.35 

Alum do...  55 

Corrosive  sublimate centigrams. .  18 

Boiling  water Uters..     5 

Allow  the  liquid  to  cool  and  add  50  grains  of  carbolic  acid,  and  filter 
after  standing  five  or  six  days. 

Olycerin. — Glycerin,  either  pure  or  mixed  with  water  or  alcohol,  is 
frequently  used  to  preserve  the  larvai  of  delicate  insects.  It  preserves 
the  color  and  form  better  than  alcohol,  but  particularly  in  the  case  of 
larvae,  it  causes  a  softening  of  the  tissues  which  renders  them  unfit  for 
study. 

The  Wickersheim  Preserving  Fluid. — ^This  valuable  preserving  fluid 
has  been  known  for  some  time,  but  is  not  very  commonly  used,  on 
account  of  frequent  disappointment  due  to  the  difficulty  attending 
its  preparation.  It  is  claimed  for  it  that  animal  or  vegetable  bodies 
impregnated  with  it  will  retain  their  fonn,  color,  and  flexibility  in  the 
most  perfect  manner.  The  objects  to  be  i)reserved  are  put  in  the  fluid 
for  from  six  to  twelve  days,  according  to  their  size,  and  then  taken  out 
and  dried  in  the  air.  The  ligaments  remain  soft  and  movable,  and  the 
animals  or  plants  remain  fit  for  anatomical  dissection  and  study  for 
long  periods,  even  years.  It  is  said  to  be  especially  valuable  for  the 
preservation  of  larvae  and  soft-bodied  insects.  In  order  to  i)erfectly 
preserve  the  colors,  it  is  necessary  to  leave  the  specimens  in  the  fluid, 
or,  if  they  are  taken  out,  they  should  be  sealed  up  in  air-tight  vials  or 
vessels.    The  formula  for  the  fluid  is  as  follows: 
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Dissolve  100  grams  alum,  25  grams  common  salt,  12  grams  saltpeter, 
60  grams  i)otasli,  10  grams  arsenious  acid  in  3,000  grams  boiling  water. 
Filter  the  solution,  and  when  cold  add  10  liters  of  the  liquid  to  4  liters 
of  glycerin  and  1  liter  of  methyl  alcohol. 

LABELING  SPECIMENS. 

General  Directions. — ^It  matters  little  how  much  care  and  pains  have 
been  taken  in  the  preparation  and  mounting  of  specimens,  they  will 
have  little  value  unless  accompanied  by  proper  labels  giving  informa- 
tion as  to  locality  and  date  of  collection,  name  of  collector,  and  a  label 
or  number  referring  to  notebooks,  if  any  biological  or  other  facts  con- 
cerning them  havfe  been  ascertained.  There  should  be  pinned  to  the 
specimen  labels  referring  to,  or  giving  all  the  information  obtainable 
or  of  interest  concerning  it.  A  somewhat  different  style  of  label  will 
be  found  necessary  in  the  case  of  the  two  forms  of  collections  described 
iu  the  foregoing  pages,  namely,  the  biological  or  economic  collection, 
and  the  systematic  collection.  For  the  former,  numbers  may  be 
attached  to  the  specimens  which  will  refer  to  the  notes  relating  to  the 
specimen  or  species.  For  the  latter,  in  most  cases,  all  necessary  infor- 
mation may  be  recorded  and  made  available  by  written  or  printed 
labels  attached  directly  to  the.  si)ecimens.  In  most  cases,  however,  I 
find  a  combination  of  these  two  systems  convenient  and  desirable.  The 
numbering  system  is  very  simple,  and  is  the  one  which  I  have  followed 
in  all  the  species  for  which  I  have  biological  or  other  notes.  It  consists 
in  giving  each  species,  as  it  comes  under  observation,  a  serial  number 
which  refers  to  a  record  in  a  notebook.  With  this  number  may  be 
combined,  if  convenient,  the  date  of  rearing  or  collection  of  the  speci- 
men, and  also  the  locality  and  food-plant  if  known.  The  vast  number 
of  species  represented  in  a  systematic  collection  renders  the  numbering 
system  entirely  out  of  place  and  inadequate,  and  the  labeling  system 
alone  is  generally  available.  If  it  becomes  necessary  in  the  systematic 
collection  to  refer  to  food-plants  or  life-history  or  any  other  fact  of 
interest,  the  numbering  system  should  be  used,  and  I  recommend  that 
the  numbers  be  written  in  red  ink  on  the  labels,  to  distinguish  at  a 
glance  the  numbers  referring  to  biological  notes  from  other  numbers 
that  will  occur  in  the  collection. 

Labels  for  pinned  Specimens. — ^The  following  labels  should  be  em- 
ployed in  the  collection:  (1)  Locality  label,  which  should  be  as  explicit 
as  possible.  (2)  Date  of  capture,  which  is  very  useful  and  sometimes 
quite  important  in  various  ways.  It  indicates  at  what  time  additional 
specimens  of  some  rare  species  may  be  secured,  and  greatly  assists  in 
elaborating  the  life  history  of  the  species,  and  in  other  cases  assists  in 
the  correct  determination  of  closely  allied  insects,  which  dilier  chiefly 
in  habit  or  date  of  appearance.  (3)  A  label  to  indicate  the  sex.  This 
label  has  recently  acquired  greater  importance  than  formerly,  on  ac- 
count of  the  value  of  the  sexual  differences  in  the  distinction  of 
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species.  The  well-known  signs  for  male,  female,  and  worker,  printed 
in  convenient  form,  are  well  adapted  for  collections.  (4)  The  name 
of  the  collector.  This  label  is  of  less  value,  but  sometimes  becomes 
important  in  determining  the  history  of  the  specimen  or  the  exact  place 
of  capture.  The  name  of  the  species  is  not  necessarily  attached  to  all 
the  specimens  in  a  collection,  and  ordinarily  will  be  placed  with  the 
first  specimen  in  a  series  in  the  cabinet.  This  and  other  labeling  of 
insects  in  cabinet  is  discussed  in  another  place.  Other  labels  are 
useful  to  indicate  type  specimens,  namely,  those  of  which  descriptions 
have  been  drawn  up  and  published,  and  which  should  be  designated 
by  a  special  label  written  by  the  author  himself.  Determinations  by 
an  authority  in  a  special  group  should  be  indicated,  and  the  labels 
placed  on  specimens  by  such  an  authority  should  not  be  removed. 

It  will  not  be  found  necessary  to  use  a  separate  label  for  each  of  the 
data  indicated  above,  and  a  single  label  may  be  made  to  combine  many 
of  them,  as,  except  for  the  specific  names  of  the  insects  themselves 
(which  should  always  be  on  the  lowermost  label),  most  other  words  will 
bear  abbreviation,  especially  localities  and  dates.  "A  combination  label, 
which  has  given  general  satisfaction  to  all  to  whom  it  has  been  commu- 
nicated, is  a  two-line  label  printed  in  diamond  type,  on  heavy  writing 
paper.  The  upper  line  consists  of  the  name  of  the  locality,  e,  ^., '  Wash- 
ngtn'  (a  name  consisting  of  more  than  eight  letters  to  be  abbreviated), 
and  the  lower  line  has  at  the  right-hand  corner  'DC  (interpunctuation 
and  spacing  to  be  avoided  so  as  to  save  space).  This  leaves  on  the  sec- 
ond line  sufficient  room  for  inserting  the  date,  which  can  be  quickly 
and  neatly  written  with  ink  if  the  labels  are  printed  in  columns  of  ten 
or  more  repetitions.  The  label  thus  combines  locality  with  date  of  cap- 
ture. Or  the  upper  line  reads  'Arizona'  and  the  lower  line  'Morrison,' 
the  liibel  thus  combining  locality  with  the  name  of  the  collector."* 

In  general  I  indorse  the  system  of  labehug  suggested  in  the  above 
condensation  from  Mr.  Schwarz,  but  there  is  no  particular  disadvantage, 
and  in  fact  many  advantages,  in  special  cases,  in  a  larger  label  or  in 
folded  labels.  Particularly  in  visiting  large  foreign  collections  I  have 
found  it  convenient  to  use  large  labels  of  thin  paper  which  will  contain  a 
good  deal  of  information  closely  written  in  pencil  and  bear  folding  sev- 
eral times,  so  as  not  to  occupy  more  than  the  ordinary  label  space  when 
pinned  to  the  specimens.  This  involves  detaching  the  label  when  the 
specimen  or  species  comes  to  be  studied,  but  this  additional  labor  is  in- 
significant compared  with  the  large  amount  of  valuable  information 
which  in  time  is  thus  brought  together  in  condensed  availability  for 
the  student;  for  brief  notes  of  opinions  of  experts,  of  comparison  with 
types,  of  special  studies,  of  reference  to  descriptions,  etc.,  may  thus  be 
all  brought  together.  Where  there  is  not  room  to  indicate  the  authority 
for  a  determination  on  the  upper  side  of  a  label,  I  also  find  it  conven- 
ient to  do  so  on  the  lower  side. 


*E.  A.  Schwarz,  Proc.  Ent.  Soc,  Wash.,  II,  No.  1,  1891. 
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of  the  vial,  where  it  will  be  held  by  the  natural  adhesion  to  the  glass 
in  the  ui>per  portion  of  the  vial,  as  shown  at  Fig.  114. 

Cabinet  for  Apparatm. — The  work  of  preparation  of  insects  for  the 
cabinet  may  be  greatly  facilitated  if  a  convenient  case  is  provided  with, 
drawers  and  compartments  for  the  keeping  of  pins  of  different  sizes, 
labels,  braces,  implements,  tweezers,  dissecting  apparatus,  and  the 
like,  with  microscopical  supplies  -  slides,  cover  glasses,  moiuiting  media, 
etc.  I  present  a  photograph  of  a  cabinet  of  this  sort  used  in  my 
earlier  work  and  found  very  convenient  and  serviceable  (Fig.  IIG). 

IXSEC^T  BOXES  AND  CABINETS. 

General  I>ire€tion^. — The  boxes  or  cases  Avhich  are  used  to  keep 
insects  in  permanently  may  be  made  of  any  dimensions  to  suit  the 
fancy,  12  by  16  inches  inside  being  a  convenient  size  and  allowing  eco- 
nomic use  of  cork.  They  nuist,  however,  be  perfectly  tight  and  should 
not  be  more  than  2J  inches  deep  on  the  inside.  The  bottoms  should 
be  lined  with  something  wlii(»Ji  will  hold  the  pins,  and  the  whole 
inside  covered  with  white  i)aper,  which,  if  delicately  cross  ruled,  will 
facilitate  the  regular  pinning  of  specimens.  While  the  size  and  style 
of  the  box  and  cabinet  may  be  left  to  individual  taste,  some  choice 
must  be  had  of  material.  Bed  cedar  should  iwver  he  vsed,  I  have 
learned,  to  my  sorrow,  the  baneful  effects  of  this  wood,  notwithstanding 
it  is  recojumended — evidently  by  those  who  are  guiltless  of  haWngused 
it — as  having  the  advantage  over  other  wood  of  keeping  off  musuem 
pests.  It  seems  imi>ossible  to  get  this  wood  so  seasoned  but  that  a 
certain  amount  of  resin  will  continually  exude  from  it;  and  insects  in 
boxes  of  this  material  are  very  ai)t  to  soften  and  become  greasy.  Paper 
boxes  are  also  bjwl,  as  they  uttract  moisture  and  cause  the  specimens 
to  mold.  Well-seasoned  i>ine  and  Avhitewood  are  the  most  satisfactory; 
and,  in  such  boxes  as  have  glass  covers  and  are  intended  to  form  i>art 
of  a  neat  cabinet  for  parlor  ornament,  the  fronts  may  be  of  walnut  or 
cherry. 

The  character  of  the  boxes  and  cabinets  used  for  storing  insects  will 
depend  largely  on  the  nature  and  extent  of  the  collection  and  the  object 
of  the  collector.  For  tem])orary  use,  nothing  is  more  convenient  and 
economical  than  a  cigar  box  lined  with  cork  or  pith.  Such  boxes,  how- 
ever, should  be  employed  only  for  the  temporary  storage  of  fresh  speci- 
mens, as  they  afford  free  access  to  museum  pests,  and  insects  kept  in 
them  for  any  length  of  time  are  apt  to  be  destroyed  or  rendered  useless. 

The  FoUUnghox, — The  use  of  folding-boxes  for  the  working  collector 
is  to  be  especially  recommended  in  the  case  of  those  orders  comprising 
small  insects  like  Coleoptera,  H>nnenoptera,  etc.  These  boxe^  have  the 
great  advantage  of  being  rea<lily  rearranged  on  the  shelves  and  of  being 
very  easily  used  in  study.  The  boxes  of  this  type  now  manufactured 
by  John  Schmidt,  of  Brooklyn,  N.  Y.,  and  John  Burr,  of  Camden,  N.J., 
based  on  the  experience  which  1  have  had,  have  i>roved  so  serviceable 


[99]  COLLECTING  AND  PKE8EHVIN0  INSECTS — RILEY. 

and  satisliiictorf  id  tliU  respect  that  I  have  employed  tbem  for  the  bulk 
of  the  collectlou  iu  the  Katloual  Mnsenm.  These  boxes  (Fig.  117)  are 
coustmcted  as  follows: 


Pia.  111.— TheScfamldl  roldlii; IuhhC  Iui,  up«ued huJ  aliuwiug arrBnp^ineDt  gr  lusecta  (origiiul). 

They  are  of  white  pine,  shelliicked  anrl  varnished,  the  bottom  and 
toj)  doable  and  crossgraineil,  to  prevent  warping,  and  projecting  slightly 
at  all  sides  except  the  hinged  back.  They  jire  13  by  8^  inches  outside 
measnrement.  The  inside  nieasm-ement  is  11  f  by  T.  The  sides,  back, 
and  front  are  flTe-sixteentlis  of  an  inch  thick,  with  a  machine  joint, 
which  is  neat  and  very  secure.  Tlie  boxes  are  2f  inches  in  outside 
depth,  unequally  divided,  the  lower  portion  1^  inches  outside  depth, 
lined  inside  with  a  thin  whitewood  strip,  projecting  tliree  fourths  of  an 


BULLETIN   39,  UNITED   STATES   NATIONAL   MUSEUM.       [100] 

inch  above  the  rim  of  the  outaide  box.  Over  this  projecting  liuingr 
the  lid  closes  as  tightly  as  practicable  and  is  kept  Irom  springing  by 
hooks  and  eyes.  The  bottom  is  cork-lined  and  covered  with  a  fine, 
vhite,  glazed  paper. 

SiDiilar  folding  boxes  with  both  sides  of  eqnal  deptli  and  both  lined 
withcork,  when  properly  covered,  mtiy  ht-  made  to  look  like  books  and 
be  set  on  end  iu  an  ordinary  bookcase,  but  the  single  lining  is  prefera^ 
ble,  as  there  is  less  danger  of  the  breakage  of  specimens  and  the  boxes 
may  either  be  laid  flat  one  on  the  other  on  shelves,  or,  what  is  more 
convenient,  placed  side  by  side  resting  on  the  front  edge,  so  that  the 
label  is  attached  to  one  of  the  narrow  ends.  The  rows  of  insects  are 
then  pinned  crosswise,  not  lengthwise,  of  the  box,  with  the  abdomens 
tnmed  toward  the  front  which  rests  on  the  shelf. 

All  the  boxes  are  furnished  with  neat  brass  label-holders,  in  wbicli 
a  card  containing  a  list  of  the  contents  can  readily  be  placed  and 
removed  at  pleasure.  The  chief  demerit  of  this  box  which  I  have  en- 
deavored to  overcome  by  the  above  details  is  the  tendency  to  warp  and 
crack  in  t^he  trying  steam  heat  of  our  Government  buildings. 

The  Cabinet. — For  larger  insects,  such  as  Lepidoptera,  Neuroptera, 
etc.,  a  larger  box  is  desirable,  and  for  these  orders  I  have  adopted 
for  use  in  the  National  Museum  a  cabinet  which  resulted  from  a  careful 
study  in  person  of  the  different  forms  and  patterns  used  for  entomologi- 
cal collections  both  in  tliis  country  and  Europe,  whether  by  private  in- 


dividuals or  public  institutions.  The  drawer  and  cabinet  are  essen- 
tially after  the  pattern  of  those  used  in  the  British  (South  Kensington) 
]t[useum,  but  adapted  in  size  to  our  own  requirements.  In  the  use  of  the 
Katioual  Mnseiim  these  cabinets  have  proved  eminently  well  adapted 
to  their  object 
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The  drawers  (Fig.  118,  A,  B,  C)  are  square,  with  an  outside  measure- 
ment of  18  inches  and  an  outside  depth  of  3  inches.  The  sides  and 
back  have  a  thickness  of  three-eighths  of  an  inch,  while  the  front  is 
five-eighths  of  an  inch  tliick.  The  pieces  are  firmly  dovetailed 
together,  the  front  being  clean  and  the  dovetailing  blind.  The  bottom, 
a,  is  of  three-ply  crossgrained  veneer,  run  into  a  groove  at  the  sides, 
leaving  a  clear  inside  depth  of  2-^  inches  to  the  frame  of  the  cover. 
The  bottoms  are  lined  in  all  but  forty  of  the  drawers  with  first  quality 
cork,  bj  one-fourth  of  an  inch  thick.  At  a  distance  of  one-fourth  of  an 
inch  from  the  sides  and  back  and  three-eighths  of  an  inch  from  the 
front  there  is  an  iuside  box  of  one-eiglith  inch  whitewood,  c,  closely 
fitteil,  and  held  in  jilace  by  blocks  between  it  and  the  outer  box.  There 
is  thus  between  the  inner  and  outer  box  a  clear  space,  dj  all  round,  in 
which  insecticides  or  disinfectants  can  be  placed  to  keep  out  Museum 
pests,  making  it  impossible  for  such  to  get  into  the  imier  box  contain- 
ing the  specimens  without  first  passing  through  this  poison  chamber. 
The  entire  insi^  is  lined  with  white  paper,  or,  in  the  case  of  the 
uncorked  boxes,  painted  with  zinc  white.  The  front  is  famished  with 
a  plain  knob.  The  cover  is  of  glass,  set  into  a  frame,  /,  three-fourths 
of  an  inch  wide,  three-eighths  of  an  iiicli  thick,  with  a  one-fourth  inch 
tongue  fitting  closely  into  the  space  between  the  inner  lining  and  outer 
box,  which  here  serves  as  a  groove.  This  arrangement  famishes  a  per- 
fectly tight  drawer  of  convenient  size  and  not  unwieldy  for  handling 
when  studjang  the  collection. 

The  material  of  which  these  drawers  are  made  is  California  red  wood, 
except  the  cover  frame,  which  is  mahogany.  The  cabinets  containing 
these  drawers  are  36  inches  high,  40  inches  wide,  21  inches  deep  (;ill 
outside  measurements),  and  are  closed  by  two  paneled  doors.  E:ich 
cabinet  contains  twenty  drawers  in  two  rows  of  ten  each,  and  the  draw- 
ers slide  by  means  of  a  groove,  /7,  on  either  side,  on  hard-wood 
tongues,  and  are  designed  to  be  interchangeable. 

The  Lintner  display  Box. — For  beauty  and  security  and  the  perfect 
display  of  the  larger  Ijepid4yptera^  I  have  seen  nothing  superior  to  a 
box  used  by  Mr.  J.  A.  Lintner,  of  Albany,  N.  Y.  It  is  a  frame  made 
in  the  form  of  a  folio  volume,  with  glass  set  in  for  sides  and  bound  in 
an  ordinary  book  cover.  The  insects  are  pinned  onto  pieces  of  cork 
fastened  to  the  inside  of  one  of  the  glass  plates  and  the  boxes  may  be 
stood  on  ends,  in  library  shape,  like  ordinary  books.  For  the  benefit  of 
those  who  wish  to  make  small  collections  of  showy  insects,  I  give  Mr. 
Lintner's  method,  of  which  he  has  been  kind  enough  to  furnish  me  the 
following  description: 

PHgs.  A,  B,  and  C  represent,  in  section,  the  fVainework  of  the  volame,  a  showing 
the  emls,  h  the  front,  and  c  the  back.  The  material  can  be  prepared  in  long  strips 
of  some  soft  wood  by  a  cabinet-maker  (if  the  coUector  has  the  necessary  skill  and 
leisure  for  framing  it)  at  a  cost  of  60  cents  a  frame,  if  a  number  sufficient  for  a  dozen 
boxes  be  ordered.  Or,  if  it  be  preferred  to  order  them  made,  the  cost  should  not 
exceed  80  cent^  each. 


BULLETIN   39,  UNITED   STATES   NATIONAL   MUSEUM.       [102] 

Before  being  placed  in  the  hands  of  the  binder  the  mitering  should  be  carefaUy 
examined  and  any  defect  in  fitting  remedied,  so  that  the  gla«s,  when  phujed  in  posi- 
tion, may  have  accurate  bearings  on  all  the  sides.  The  interior  of  the  frame  is  cov- 
ered with  tin  foil,  made  as  smooth  as  possible  before  application,  to  be  applied  with 
thoroaglily  boiled  flour  paste  (in  which  a  small  proportion  of  arsenic  may  be  mixed) 
and  rubbed  smoothly  down  till  the  removal  of  the  blisters,  which  are  apt  to  appear. 
The  tin  foil  can  be  purchased,  by  weight,  at  druggists',  and  the  sheets  marked  off 
and  cut  by  a  rule  in  strips  of  proper  width,  allowing  for  a  trifle  of  overlapping  on 
the  sides.     Its  cost  per  volume  is  merely  nominal. 

First-quality  single-thick  glass  for  sidts  must  be  selected,  wholly  free  from  rust, 
veins,  air- bubbles,  or  any  blemish.  Such  glass  can  be  purchased  at  15  cents  a  pane. 
The  lower  glass,  after  thorough  cleaning,  especially  of  its  inner  surface,  with  an 
alkaline  wash,  and  a  final  polishing  with  slightly  wetted  white  printing  paper,  is  to 
be  firmly  secured  in  its  place  by  a  proper  number  of  tin  points;  the  upper  glass  is 
but  temporarily  fastened.  The  binder  must  be  directed  to  cover  the  exposed  sides 
of  the  frame  with  "combed"  paper,  bringing  it  over  the  border  of  the  permanent 
lower  glass  and  beneath  the  removable  upper  p:las8. 
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Fio.  119.— Construction  of  the  Lintncr  box. 


The  covers  of  the  volume  are  of  heavy  binders'  board  (No.  18),  neatly  lined  within 
with  glazed  white  paper.  On  one  of  the  insides  of  the  lids  may  be  attached,  by  its 
comers,  a  sheet  with  the  numbers  and  names  of  the  species  contained  in  the  volume, 
or  these  may  be  placed  on  the  pin  bearing  the  insect.  If  bound  in  best  quality  of 
imitation  morocco,  with  cloth  covers,  lettered  and  gilded  on  the  back,  the  cost  (for 
a  dozen  volumes)  need  not  exceed  $1  each.    If  in  turkey  morocco,  it  will  be  $1.50. 

The  lettering  and  ornamentation  of  the  back  will  vary  with  the  taste  of  the  indi* 
vidual.  The  family  designations  may  be  permanently  lettered,  or  they  may  bo 
pasted  on  the  back,  on  a  slip  of  paper  or  gum  label,  as  are  the  generic  names,  thus 
permitting  the  change  of  the  contents  of  a  volume  at  any  time  if  desired.    - 

The  liits  of  cork  to  which  the  insects  are  to  be  pinned  are  cut  in  quarter-inch 
squares  from  sheet-cork  of  one-fourth  of  an  inch  in  thickness.  If  the  trouble  bo 
taken  to  trim  oflT  the  corners,  giving  them  an  octagonal  form,  their  appearance  will 
be  materially  improved  and  much  less  care  will  be  required  in  adjusting  them  on 
the  glass. 

The  cement  usually  recommended  for  attaching  the  cork  to  the  glass  is  composed 
of  equal  parts  of  white  wax  and  resin.  My  experience  with  this  has  not  been  favor- 
able, for,  after  the  lapse  of  a  few  years,  I  have  invariably  been  subjected  to  the 
serious  annoyance  of  being  compelled  to  renew  the  entire  contents  of  the  volume, 
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clean  the  glass,  and  replace  the  corks  with  new  cement.  From  some  cause,  inexpli- 
cable to  me,  a  gradual  separation  takes  place  of  the  cork  with  its  cement  from  the 
glass,  first  appearing  at  the  angles  of  the  cork,  and  its  progress  indicated  by  an  in- 
creasing number  of  iridescent  rings  which  form  within  nntil  the  center  is  reached, 
when,  if  not  previously  detached,  the  insect  falls  with  the  cork,  usually  to  its  iiyury 
aDil  that  of  others  beneath  it. 

A  number  of  years  ago  I  happeneil  to  employ,  in  attaching  a  single  piece  of  cork 
iu  one  of  my  cases,  a  cement  originally  made  for  other  purposes,  consisting  of  six 
pai-ts  of  resin,  oue  of  wax,  and  one  of  Venetian  red.  Several  years  thereafter  my 
attention  was  drawn  to  this  piece  by  finding  it  as  firmly  united  as  when  at  first 
applied,  and  at  the  present  time  (after  the  lapse  of  twelve  years)  it  is  without  the 
slightest  indication  of  separation.  Acting  upon  this  hint,  I  have,  of  late,  used  this 
cement  in  the  restoration  of  a  number  of  my  cases,  and  with  the  most  satisfactory 
results.  It  is  important  that  the  cement,  when  used,  should  be  heated  (by  a  spirit 
lamp  or  gas  flame)  to  as  high  a  degree  us  it  will  bear  without  burning.  An  amount 
sufficient  to  cover  the  bottom  of  the  small,  flat  metal  vessel  containiug  it  to  the 
depth  of  an  eighth  of  an  iuch  will  suffice  an.l  prevent  the  cork  from  taking  up  more 
than  its  requisite  quantity.  It  should  be  occasionally  stirred  to  prevent  the  precip- 
itation of  its  heavier  portions.  The  cork  may  be  conveniently  dipped  by  the  aid  of 
a  needle  inserted  iu  a  handle,  wheu,  as  quickly  as  possible,  it  should  be  transferred 
to  the  glass,  for  the  degree  of  adhesion  seems  to  depend  upon  the  degree  of  fluidity 
of  the  cement.  From  some  experiments  maile  by  me,  after  the  corks  had  been  at- 
tached as  above,  iu  heating  the  entire  glass  to  such  a  do;^ee  as  thoroughly  to  melt 
the  cement  until  it  spreads  outward  from  beneath  the  weight  of  the  cork,  and  then 
permitted  to  cool — the  glass  meanwhile  held  horizontally,  that  the  corks  might  not 
be  displaced — the  results  appear  to  indicate  that  the  above  cement,  ap])lied  iu  this 
manner  on  glass  properly  cleaned,  will  prove  a  permanent  oue.  It  is  scarcely  neces- 
sary to  state  that  this  method  is  not  available  where  the  glass  has  been  bound  as 
above. 

Preparatory  to  corking  the  glass  for  the  specimens  assigued  to  it,  the  spaces  re- 
quired for  them  are  to  be  ascertained  by  arranging  them  in  order  on  a  cork  surface 
or  otherwise.  On  a  sheet  of  paper  of  the  size  of  the  glass,  perpendicular  lines,  of  the 
number  of  the  rows  and  at  their  proper  distances,  are  to  be  drawn,  and  cross  lines 
e«iual  in  number  to  the  insects  contained  in  the  rows.  The  distances  of  these  lines 
will  be  uuiform,  unless  smaller  specimens  are  to  occupy  some  portion  of  the  case, 
when  they  may  be  gnulnated  to  the  required  proportion.  With  the  sheet  ruled  in 
this  manner  and  placed  beneath  the  glass,  the  points  where  the  corks  are  to  be  ap- 
plied are  indicated  by  the  intersections  of  the  lines.  The  sheet,  marked  with  the 
family  of  the  insects  for  which  it  was  use<l  and  with  the  numbers  designating  its 
divisions,  may  be  laid  aside  for  future  use  in  the  preparation  of  other  cases  for  which 
it  may  be  suitable.  In  a  series  of  unbound  cases  in  my  collection,  in  which  the 
glasses  measure  11  by  14^  inches,  I  have  used  for  my  Lepidoptera  and  laid  aside  the 
fidlowing  scales,  the  citation  of  which  will  also  serve  to  show  the  capacity  of  the  cases : 
3  by  8,  Catocalas;  2  by  7  and  3  by  9,  Sphingidic ;  4  by  11  to  4  by  14,  Bombycid» ;  5  by 
13  to  6  by  16,  Noctuida*;  8  by  IH  and  8  by  20,  Lycajuidie  and  Tortricidie. 

The  unbound  cases  above  referred  to  are  inexpensive  frames,  made  by  myself,  of 
quarter-inch  white  wood  or  pine,  th:^  comers  mitered,  glued,  and  nailed  with  three- 
quarter  iuch  brads,  lined  within  with  white  paper  (better  with  tin  foil),  and  cov- 
ered without  with  stout  uianila  paper.  The  glasses  are  cut  of  the  size  of  the  frame, 
and  when  placed  in  position  thereon  are  ap]>res8ed  closely  to  it  by  laying  upon  them, 
near  each  comer,  a  heavy  weight,  and  strips  of  an  enameled  green  paper,  cut  to  the 
width  of  1  inch,  are  pasted  over  their  edges,  extending  a  little  beyond  the  thickness 
of  the  frame,  and  brought  downward  over  the  outside  of  the  frame.  On  its  back 
two  gum  labels,  indicating  the  insects  inclosed,  are  ])laced  at  uniform  heights  (7  and 
12  iuches),  wheu,  if  all  has  been  neatly  done,  they  present  a  tasteful  appearance 
upon  a  shelf.    When  there  is  reason  to  believe  that  the  case  will  need  to  be  opened 
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for  the  change  or  additiou  of  specimeiid,  it  will  be  found  convenient  to  employ,  for 
the  fiu^t^eulng  of  the  left-hand  side  of  the  upper  glass,  paper  lined  with  a  thin  muslin, 
to  serve  as  a  hinge  when  the  other  sides  have  l»een  cut. 

Should  it  become  desirable  to  bind  these  cases,  outside  frames  may  be  constructed 
after  the  plans  above  given,  with  the  omission  of  the  inside  quarter  inch  (the  equiv- 
alent of  these  frames),  in  which  these  maybe  placed  and  held  in  position  by  two  or 
three  screws  inserted  in  their  sides. 

The  Marthidale  Box  for  Lepid&ptera. — Mr.  Isaac  C.  Martindale,  in  the 
Octiober,  1891,  immber  of  Entomological  N'ews,  pp.  12G,  127,  describes  a 
new  form  of  cabinet  for  butterflies,  the  drawers  of  which  present  some 
new  features.  They  are  for  the  same  end  as  the  Lintuer  box  described 
above — namely,  for  the  display  of  the  upper  and  under  surikce  of  the 
wings  of  Lepidoptera,  and  promise  to  be  more  useftil.  The  drawer  is 
described  as  foUows : 

The  especial  feature  is  the  drawer  itself,  which,  instead  of  having  a  cork  bottom, 
as  is  usually  the  case,  has  both  the  top  and  bottom  of  glass.  The  top  part  of  the 
drawer  frame  fits  tightly  over  a  ledge  one  inch  in  height,  oftectually  preventing  tb© 
intrusion  of  destructive  iusects,  the  pest  of  the  entomologist;  but  it  is  readily  lifted 
when  it  is  desirable  to  add  to  the  contents  or  change  the  location  of  the  specimens. 
For  the  inside  arrangement  I  have  taken  a  strip  of  common  tin,  one  inch  wide,  and 
turned  up  each  side  five-sixteenths  of  an  inch,  thus  leaving  three-eighths  of  an  inch 
for  the  bottom.  The  length  of  the  strip  of  tin,  being  about  two  inches  longer  than 
the  width  of  the  drawer,  admits  of  each  end  being  turned  up  on©  inch.  Into  this  tin 
trou;L;h  is  tightly  fitted  a  cork  strip  three-eighths  of  an  inch  square.  The  whole  being 
covered  with  wliite  paper,  such  as  is  nsuallj'  used  for  lining  drawers,  conceals  the 
inequalities  of  the  cork  and  makes  a  fine  finish.  They  should  b©  made  to  fit  neatly 
in  the  drawer,  and  can  be  readily  moved  about  to  suit  large  or  small  specimens.  For 
Lycaiiaa,  PamphilaSf  etc.,  as  many  as  fift©en  of  these  strips  may  be  used  in  one 
drawer,  and  as  few  as  fiv©  for  MorpkoSy  CalijoSy  etc.  Th©  upturned  ends  are  fastened 
in  place  by  using  the  ordinary  thumb  tacks  that  can  be  procured  nt  any  stationer's. 
ITie  frame  work  of  the  drawers  should  be  of  white  pine,  well  seasoned.  Into  this  the 
thumb  tacks  are  readily  inserted  and  as  easily  withdrawn  when  a  change  in  the  posi- 
tion of  the  cork  strips  is  needed. 

Horizontal  vh,  vertical  Arrangement  of  Boxes, — I  have  elsewhere  dis- 
cussed the  avaihibility  of  the  upright  r«.  tlie  horizontal  arrangement  of 
insexjt  boxes.*  In  the  case  of  Lepidoptera  and  large-bodied  insects  I 
have  found  the  liorizontal  drawer  or  box  to  be  preferable.  If  large- 
bodie<l  insects  are  i>laced  in  a  vertical  position  they  are  very  liable  to 
become  loose  on  the  pins,  swing  from  side  to  side,  and  damage  them- 
selves and  other  specimens;  but  for  the  smaller  insects  of  all  orders, 
the  verticjil  arrangement  is  quite  safe  and  satisfactory.  If  the  pin  is 
slightly  flattened,  as  de.scribed  on  p.  09,  the  danger  of  large  specimens 
becoming  loose  is  to  a  great  extent  avoided. 

Lining/or  Insect  Boxes, — ^The  old  lining  of  insect  boxes  was  theordinary 
sheet  cork  of  commerce,  and  if  a  good  quality  of  cork  is  procurable  it 
will  answer  the  i)urpose.  A  better  substance,  however,  lor  the  lining 
of  insect  boxes  is  the  prepared  <u' ground  cork,  which  is  now  almost 
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exclusively  used.  It  is  simply  ground  cork  mixed  with  a  small  amount 
of  glue,  compressed  into  sheets  and  covered  with  paper.  This  gives  a 
very  homogenous  composition,  and  is  much  better  than  the  ordinary  cork, 
having  a  more  unifonn  and  neat  appearance,  and  admitting  the  inser- 
tion of  the  pins  more  freely.  It  may  be  purchased  from  H.  Herpers,  18 
Crawford  street,  Newark,  N.  J. 

A  less  expensive  substitute  is  paper  stretched  upon  a  frame.  Prof. 
E.  S.  Morse  has  given  in  the  "American  Naturalist"  (Vol.  i,  p.  156)  a 
plan  which  is  very  neat  and  useful  for  lining  boxes  in  a  large  museum, 
which  are  designed  to  be  placed  in  horizontul  show-cases  (Fig.  120). 
**  A  box  is  made  of  the  required  depth,  and  a  light  frame  is  fitted  to  its 
interior.  Upon  the  upper  and  under  surfaces  of  this  frame  a  sheet  of 
white  paper  (drawing  or  log  paper 
answers  the  purpose)  is  securely 
glued.  The  paper,  having  been 
previously  damped,  in  drying  con- 
tracts and  tightens  like  a  drum- 
head. The  frame  is  then  secured 
about  one-fourth  of  an  inch  from  the 
bottom  of  the  box,  and  the  pin  is 
forced  down  through  the  thick- 
nesses of  paper,  and  if  the  bottom 
of  the  box  be  of  soft  pine,  the  point 
of  the  pin  may  be  slightly  forced 
into  it.  It  is  thus  firmly  held  at 
two  or  three  different  points,  and 
an  lateral  movemnts  are  prevented.  Other  advantages  are  secured  by 
this  arrangement  besides  firmness :  when  the  box  needs  cleaning  or 
fumigation,  the  entire  collection  may  be  removed  by  taking  out  the 
frame;  or  camphor,  tobacco,  or  other  material  can  be  placed  on  the  bot- 
tom of  the  box,  and  concealed  from  sight.  The  annexed  figure  rei)re- 
sents  a  transverse  section  of  a  portion  of  the  side  and  bottom  of  the 
box  with  the  frame.  A  A,* box;  B,  frame;  V  P,  upper  and  under 
sheets  of  paper;  C,  space  between  lower  sheets  of  paper  and  bottom 
of  box." 

Other  substitutes  are  the  pith  of  various  plants,  especially  of  corn. 
Palm  wood  and  ^*  inodorous  felt  ^  are  also  used,  being  cut  to  fit  the 
bottom  of  the  box. 

Pita  wood  or  the  light  porOus  wood  of  the  Agave  or  Century  plant 
when  cut  into  proper  strips  also  makes  a  very  light  and  satisfactory 
lining,  while  good  close  bog-peat  cut  into  proper  thicknesses  is  not 
infrequently  used  in  France  and  Germany.  Druce  &  Co.,  6S  Baker  street, 
London,  W.,  England,  have  lately  been  manufacturing  what  is  known 
as  cork  cari>et,  which  seems  to  be  a  combination  of  ground  cork  and 
rubber.  It  comes  in  various  colors  and  of  the  proper  thickness,  and 
makes  a  very  smooth  and  desirable  lining,  holding  the  pins  very  firmly. 


Fio.  120.— Paper  lining  for  insect  box.    (After 

Marse.) 
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It  cost  90  cents  per  square  yard  in  England,  and  I  have  had  one  cabinet 
lined  with  it  as  an  experiment,  as  there  is  a  probability  that  the  pins 
may  corrode  in  contact  with  the  rubber. 


AREANGEMENT  OF  INSECTS  IN  THE  CABINET. 

Syttteniatic  and  biologic  Collections. — The  permanent  arrangement  of 
specimens  in  boxes  and  drawers  will  vary  somewhat  with  the  nature  of 
the  insects.  The  almost  universal  custom  of  collectors,  however,  is  to 
arrange  the  insects  in  vertical  columns.  In  the  case  of  the  smaller 
forms,  as  Coleoptera,  Hymenoptera,  Diptera,  2^  to  3  inches  in  width  is 
allowed  for  the  columns;  and  for  the  larger  insects,  as  Lepidoptera, 
Orthoptera,  for  which  larger  drawers  are  recommended,  a  greater 
width  of  column  is  needed  and  4^  to  5  inches  will  be  found  necessary. 
With  alcoholic  material,  a  similar  arrangement  in  columns  may  be 
followed. 

In  spacing  or  dividing  insect  boxes  into  columns  for  the  arrangement 
of  specimens,  I  have  followed  the  plan  of  pinning  narrow  strips  of 
colored  paper  in  the  boxes  at  regular  distances  to  divide  the  columns 
of  insects.  A  fine  line  made  with  a  medium  pencil  will  answer  the 
same  purpose  and  will  not  materially  disfigure  the  box. 

The  appearance  of  the  collection  will  largely  depend  on  the  care  used 
in  the  alignment  of  the  specimens,  both  vertically  and  horizontally.  It  is 
advisable  to  have  at  least  four  specimens  of  a  species,  which,  ento- 
mologically  speaking,  constitute  a  set.  The  collector,  however,-  should 
not  limit  the  number  of  his  specimens  to  four,  as  it  is  frequently- 
necessary  to  have  a  larger  number  to  represent,  firstly,  the  sexes;  sec- 
ondly, varieties;  and  thirdly,  geographical  distribution. 

In  the  systematic  collection  the  species  should  be  arranged  serially 
in  accordance  with  the  latest  catalogue  or  monograph,  and  if  the  col- 
lector intends  making  a  complete  study  of  the  group,  space  should  be 
left  for  the  subsequent  insertion  of  species  not  at  present  in  his  posses- 
sion and  also  for  new  species.  This  will  avoid  the  rearrangement  of  the 
entire  collection  at  brief  intervals. 

Economic  Displays. — In  the  case  of  economic  displays,  which  will 
include  pinned  specimens,  alcoholic  material,  early  states  and  specimens 
illustrating  the  work  of  the  insect — also  the  parasitic  and  predaceous 
enemies — the  horizontal  arrangement  can  be  followed,  and  I  have  found  it 
advisable,  in  making  such  displays,  to  arrange  them  in  this  manner,  so 
that  any  needed  width  for  the  display  of  particular  species  may  be 
had.  A  good  idea  of  the  system  of  arrangement  adopted  for  an 
economic  exhibit  may  be  obtained  from  the  accompanying  illustration 
(PI.  I).  Every  insect  will  recjuire  a  somewhat  different  treatment, 
owing  to  its  different  habit,  but  the  plan  indicated  in  the  illustration 
should,  in  the  main,  be  followed.  Prof.  J.  H.  Comstock  uses  and 
recommends  a  sort  of  block  system,  which  consists  in  pinning  the 
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insects  and  specimens  showing  their  work,  and  alcoholic  material,  to 
blocks  of  soft  wood.  These  are  then  arranged  in  the  display  cases. 
The  advantage  claimed  for  the  system  is  facility  in  transferring  and 
rearranging  the  exhibits.  This  method  is  somewhat  cumbersome, 
and  in  making  and  handling  economic  exhibits  I  have  found  pinning 
specimens  directly  to  the  cork  lining  of  the  box,  as  already  described, 
to  be  entirely  satisfactory.  A  biologic  exhibit  should  be  carefully 
planned  beforehand,  and  when  once  completed  is  permanent  and  does 
not  require  rearrangement,  as  is  frequently  necessary  in  a  systematic 
collection,  owing  to  the  constant  changes  in  classification.  The  only 
alteration  necessary  is  a  renewal  of  specimens  which  have  become 
injured,  or  faded  by  exposure  to  light. 

Labeling  Collectians, — I  have  already  fully  discussed  the  subject  of 
labehng  insects  before  placing  them  in  their  final  resting  place  in  the 
collection.     In  the  collection  certain  additional  labels  are  required, 
viz,  labels  for  the  order,  family,  subfamily,  genus,  species,  and  some- 
times variety.    The  label  for  the  order  should  be  placed  above  the 
first  species  in  the  collection,  and  should  be  in  large  type,  as  should  also 
be  the  name  of  the  family,  which  is  to  be  placed  above  the  first  species 
in  the  family.    The  genus  label  should  be  in  prominent  type,  somewhat 
smaller  than  the  family  label,  and  should  be  placed  at  the  head  of  the 
genus.    Custom  varies  as  to  placing  the  label  of  the  species.    In  my 
practice  I  have  adopted  the  plan  of  placing  the  label  below  the  series 
of  specimens  representing  the  species.    Some  entomologists  reverse 
this  plan  and  place  the^  label  above  the  series  of  specimens.    Others 
recommend  pinning  the  label  to  the  first  and  best-determined  specimen 
of  the  series.    This  has  the  advantage  of  always  keeping  the  label  with 
the  species  and  preventing  the  danger  of  mistake  or  confusion  of  the 
latter.    In  the  case  of  large  insects,  however,  this  plan  has  the  dis- 
advantage that  the  label  can  not  be  seen  except  by  taking  out  the 
specimen,  and,  on  the  whole,  the  plan  which  I  have  ailopted  of  placing 
the  label  below  the  series  of  specimens  is  preferable,  but  may  be  supple- 
mented by  the  other,  as  in  addition  to  the  independent  label,  one  of 
the  specimens  should  have  a  label  pinned  with  it.    The  labels  should  be 
neatly  written  on  blanks  printed  for  the  purpose ;  but  a  better  plan,  j^er- 
haps,  and  one  which  I  have  followed,  where  possible,  in  labeling  the 
national  collection,  is  to  cut  the  names  neatly  from  a  catalogue  of  the 
insects,  which  will  furnish  all  the  labels  from  order  to  species,  and  fasten 
them  with  short,  inconspicuous  pins  in  their  proper  places  in  the  col- 
lection.   Where  it  is  not  desired  to  keep  the  collection  as  compact  as 
possible,  or  where  one  has  limited  space,  I  would  advise  labeling  the 
species,  not  only  with  the  recognized  name,  but  also  with  the  synonyms. 
This  requires  some  space,  and  will  hardly  be  followed  except  in  public 
collections.    It  is  also  desirable  to  arrange  together,  and  label  as  such, 
the  varieties  of  any  given  species.    The  appearance  of  the  collection 
will  depend  largely  on  the  uniformity  of  the  labeling,  and  too  much 
care  can  not  be  exercised  in  this  respect. 
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MUSEUM  PESTS,  MOLD,  ETC. 

Unfortunately  for  the  well-being  of  collections,  dried  insects  are  liable 
to  the  attacks  of  various  museum  pests,  the  most  troublesome  of  which 
are  themselves  insects,  but  altogether  out  of  their  proper  place  and 
role  in  the  general  collection.  Unless  constant  precautions  are  taken, 
the  collector  will  discover  after  a  few  months  that  instead  of  the  rare 
specimens  with  the  preparations  of  which  he  has  taken  no  little  pains 
there  remains  only  a  series  of  fragmentary  specimens,  which  a  few 
years'  neglect  will  reduce  to  little  more  than  a  mass  of  dust  or  i)owder. 
The  price,  then,  of  a  good  collection  is  eternal  vigilance.  Most  insects, 
when  exposed  for  any  length  of  time  to  strong  light,  fade  or  lose  color, 
and  the  only  way  to  prevent  such  achromatism  is  to  exclude  the  light. 
Insect  pests  affecting  collections  include  Psocida?,  Mites,  Tineidae, 
Coleoptera  of  the  families  Ptinidae  and  Bermestida?,  these  last  being 
the  most  injurious. 

The  Psocidae — degi*aded  wingless  insects  already  referred  to  in  the 
classification  (p.  24) — will  find  their  way  into  the  tightest  boxes,  but 
ordinarily  do  little  if  any  damage,  except  in  the  case  of  delicate 

insects,  such  as  Ephemerids,  Mi- 
crolepidoptera,  and  IVIicrodiptera. 
The  common  forms  found  in  collec- 
tions are  Atropos  divinatoriiis  and 
CloiMUa  puUatoria.  Mites  or 
Acari  are  rarely  troublesome  in 
collections,  though  Dr.  H.  A. 
Hagen  reports  having  found  a 
species  (probably  of  Tyroglyphus) 
with  imported  insects,  and  con- 
siders them  as  liable  to  become 
dangerous  enemies.  Tineid  larvae 
are  rarely  found  in  collections,  and  only  aflfect  the  larger  moths.  They 
are  not  easily  discovered,  since  they  make  no  dust,  as  do  most  other 
I)ests.  Some  persons  have  been  considerably  annoyed  by  one  of  the 
common  clothes  moths,  Tineola  biselliella  (Fig.  121).  Dr.  Hagen  found 
that  it  attacked  freshly  collected  or  newly  spread  insects,  where  the 
spreading-boards  were  left  uncovered,  but  Mr.  F.  M.  Webster  has  found 
it  injurious  to  the  general  collections  at  Columbus,  Ohio. 

Of  beetles,  the  Ptinidae  are  sometimes  found  in  collections  but  are 
not  common.  Two  species  are  known  to  attaek  entomological  spe<*i- 
mens,  namely,  Ptinmfur^  which  is  quite  rare,  in  this  country,  but  much 
more  abundant  in  Europe,  and  Tribolium  ferrugineum^  a  cosmopolitan 
species  which,  however,  has  several  times  been  associated  in  injurious 
numbers  with  large  collections  of  insects  imported  from  the  East 
Indies. 

But  by  far  the  most  dangerous  enemies  of  insect  collections  are  the 


FlQ.  \2\.—Tintola  bisellieUa:  o,  ailult;  6,  larva;  c. 
cocoon  and  empty  pupa — skin  enlarged. 
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larvae  of  some  half  dozen  or  more  species  of  Dennestidie  belonging  to 
the  genera  Anthrenua,  Attagenus,  Trogoderma,  and  Dermestes.  Of 
these  Antkrenus  varim  is  the  more  common  pest,  in  iniiseiinis,  espe- 
cially in  the  North  and  East.  In  the  South  and  West  Trogoderma  tarsale 
and  T.  ornatum  ( T)  replace  Anthrenus.  The  Enropeau  species  AntJirenus 
mu«<Eorum,  is,  on  the  authority  bf  Hagen,  rare  in  this  eountrj',  and 
probably  occartt  chiefly  in  collections  of  imported  insects.  It  is  the 
common  iqjurioiis  species  of  Europe.  Anthrentu  scrophularite  (see  Fig, 
67)  occurs  also  in  collections.  Dr.  Hagen  stating  that  he  has  found  it 
nearly  as  common  as  A.  raritu,  and  certainly  more  dangerous.  In  my 
own  experience  it  is  rarely  found  in  insect  collections.  Two  siiecies  of 
Attageuus  {A.  pellio  and  A.  faegatoma)  have  also  been  fonnd  in  collec- 
tions. A.  megatoma  lias  been  found  by  Dr.  Hagen  to  do  not  a  little 
damage  to  insect  collections  in  Cambridge,  as  M-ell  as  to  equal  if  not 
exceed  the  Carpet  Beetle  in  its  disastrous  attacks  upon  carpets  and 
household  furniture.  The  other  species,  ^.j)e//iVi,  is  rarely  found  in  this 
conutry,bntismach  morecommonandobnosious  in  Europe  than  J.  m^o- 
toma.  Dermestea  lardarina  is  sometimes  found  in  collections,  and  is 
attracted  by  the  presence  of  animal  matter  snch  as  skins,  etc.  The  two 
particnliarly  destructive pest«,  as  jwinted  out,  are^n(/treni«r™«ii«and 
Trogoderma  tarsale.  These  species,  together  with  most  of  the  others, 
have  no  defluite  breeding  period,  but,  in  the  uniform  teipperaturc  of  the 
laboratory  or  museum,  breed  all  the  year  round  aud  present  no  definite 
broods.  It  is  the  experience  at  the  Museum  that  the  boxes  on  the 
lower  tier  of  shelves  are  very  much  more  subject  to  attack  thiin  those  on 
the  upper  tiers,  from  which  it  would  seem  that  the  parent  beetle 
deposits  her  eggs  outside  the  boxes  on  the  floor  of  the  cases  and  that 
the  young  larvte  work  their  way  into  the  smallest  crevices.  The  danger 
of  infection  by  these  pests  is  greater  in  warm  climates  like  that  of  Wash- 
ington than  in  regions  further  north,  as  the  warm  season  begins  earlier, 
lasts  longer,  and  liimishes  better  conditions  for  breeding 
and  multiplication. 

Remedies. — The  following  remedies  and  preventives 
will  prove  efti<'ient  in  checking  or  preventing  the  work  of 
these  pests. 

Naphthaline. — Where  tight  boxes  are  employed  little  fear 
of  the  work  of  these  destructive  agents  need  arise,  espe 
cially  if  the  boxes  are  kept  supplied  with  repellent  naph 
thaline  cones.  These  are  hard  cones  of  naphthahne, 
mounted  on  pins  for  convenient  placing  in  the  boxes  (see 
Fig.  122),  and  may  be  obtained  of  dealers  in  entomological 
supplies.  Naphthaline  cones  act  as  repellents  to  these 
insects  and  also  to  some  extent  retard  the  development  of  the  larvK  in 
all  stages  and  particularly  of  the  eggs. 

Mr.  Schwarz  states  {Proc,  Ent.  Soe.  of  Washington,  Vol.  I,  page  63) 
that  in  place  of  these  cones  a  form  of  naphthaline  may  be  used  which 
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is  known  in  commerce  as  "  white  carbon,"  and  is  put  up  in  the  form 
of  small  square  rods  for  use  in  intensifying  the  flames  of  gaslight.  The 
material  is  very  cheap,  costing  only  8  cents  per  pound  wholesale,  and 
may  be  broken  up  into  small  pieces,  wrapped  in  paper,  and  pinned.  The 
use  of  naphthaline  cones  is  not  advisable  in  boxes  containing  delicate 
specimens,  as  Jt  leaves  a  deposit  which  dulls  the  colors  and  encourages 
greasing.  The  deliquescence  of  the  naphthaline  cones  produces  a  black- 
ish, oily  residuum  which  will  soil  the  lining  of  the  box,  and  it  is  always 
advisable  either  to  pin  a  piece  of  blotting  paper  beneath  the  cone  or  to 
wrap  this  in  paper. 

Constant  watehfulness  is  necessary  to  see  that  the  eggs  which  have 
been  deposited  and  checked  in  development  by  the  application  of  this 
insecticide  do  not  ultimately  hatch  and  start  a  new  generation  in  the 
insect  box. 

Bisulphide  of  Carbon. — If  the  collection  is  found  to  be  infested  with 
insect  i)ests,  it  may  be  renovated  by  pouring  a  little  bisulphide  of  carbon 
into  the  boxes  and  closing  them  at  once.  This  substance  evaporates  rap- 
idly and  will  destroy  all  insect  life,  and  does  not  injure  specimens  or  pins 
nor  stain  the  boxes.  If  infested  specimens  are  received,  these  should  be 
inclosed  in  a  tight  box  aqd  treated  with  bisulphide  of  carbon  before  being 
added  to  the  general  collection,  and  it  is  always  well  for  those  who  are 
receiving  pinned  specimens  by  exchange  or  otherwise  to  keep  a  quar- 
antine box  of  this  kind  on  hand. 

Mercury  Pellets. — The  use  of  merairy  pellets  is  recommended  to  free 
boxes  from  Mites,  Psoci,  etc.,  and  also  to  collect  any  particles  of  dust 
which  may  gain  entrance.  A  few  small  pellets  of  mercurj%  placed  free 
in  the  bottom  of  the  hoiizontal  box  will,  by  the  movement  of  the  box, 
be  caused  to  roll  to  and  fro  and  accomplish  the  desired  end. 

Carbolic  Acid. — Mr.  A.T.  Marshall  (Entomologisfs  Monthly  MagazinCy 
Dec,  1873,  p.  170)  records  that  he  washes  the  paper  of  his  boxes  with 
the  common  disinfecting  solution  of  carbolic  acid  in  two-thirds  w^ater, 
which  dries  without  staining  and  protects  the  specimens  from  Psoci. 

A  Meang  of  preserving  Insects  in  dry  hot  Countries. — In  the  "  Horce 
Societatis  Entomologicw  Rossicce,'^  XXIV,  pp.  233,  234  (1889),  M.  A. 
Wilkins,  writing  from  Tachkent  in  Turkestan,  alludes  to  tlie  ineffi- 
ciency of  ordinary  preservatives  in  Central  Asia,  on  account  of  their 
rapid  volatilization  through  the  hot  dry  air,  so  that  if  a  collection  be 
neglectetl  for  only  two  or  three  months  Anthreni  are  sure  to  be  found 
in  the  boxes.  He  has  hit  upon  a  plan  which  he  finds  effective,  and  at 
the  same  time  very  simple.  He  employs  India-rubber  bands  about  IJ 
inches  in  width  and  less  than  the  length  of  the  boxes  to  w^hich  they  are 
to  be  applied.  These  bands  are  stretched  over  the  opening  line  of  the 
boxes,  and  effectually  prevent  the  entrance  of  the  most  minute  destroy- 
ers. Possibly  a  similar  plan  might  be  adopted  in  other  countries  with 
a  like  climate.  At  any  rate,  the  method  has  the  merit  of  extreme  sim- 
plicity.    (The  Ent.  Mo.  Mag.,  Apr.,  1891,  p.  107.) 
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MOLD. 

Collections  kept  in  damp  places  or  in  a  moist  climate  are  very  liable 
to  mold,  and  under  such  conditions  it  is  difficult  to  avoid  this  e\il. 
Carbolic  acid  is  recommended,  but  Mr.  Ashmead,  who  has  kept  a  large 
collection  in  the  moist  climate  of  Florida,  has  found  the  use  of  naphtha- 
line much  more  satisfactory.  Mr.  Herbert  H.  Smith  who  has  had  more 
extensive  experience  in  the  tropics  prefers  the  carbolic  acid.  Moldy 
specimens  maybe  cleansed  by  washing  ^ith  carbolic  acid  applied  with 
a  fine  cameFs  hair  brush. 

VERDIGRISING  AND    GREASING. 

The  action  of  the  acid  juices  in  the  bodies  of  certain  specimens — as 
many  of  theLepidoptera,  Coleoptera,and  Diptera — will  cause  the  forma- 
tion of  verdigris  about  the  pin,  which  in  time  accumulates  and  disfig- 
ures and  distorts  the  specimen,  and  ultimately  corrodes  the  pin,  so 
that  the  slightest  touch  causes  it  to  bend  or  break.  There  is  no  pre- 
ventive yet  known  for  this  trouble  other  than  the  use  of  pins  which  have 
no  brass  to  be  corroded.  Japanned  pins  are  made  for  this  purpose, 
and  are,  on  the  whole,  satisfactory,  but  they  bend  easily  and  some  cau- 
tion is  required  in  handling  them.  In  place  of  these  pins,  which  are 
somewhat  more  expensive  than  the  steel  pins,  iron  pins  may  be  used. 
These  are  very  soft  and  bend  too  easily  for  satisfactory  use.  The  steel 
pins  may  be  rendered  available  for  use  by  an  immersion  in  a  silver  bath, 
which  is  (comparatively  inexpensive. 

Insects  the  larvie  of  which  live  in  wood  are  particularly  subject  to  ver- 
(ligris,  as  .the  Cerambycidae  and  Elateridae  in  Coleoptera,  the  Uroceridai 
in  Hymenoptera  and  Sesiidje  in  Lepidoptera.  In  Hymenoptera  the 
families  Formicidae,  Mutillidse,  and  the  eudophytous  lenthredinidae  ver- 
digris very  rapidly,  and  most  Diptera  also.  With  all  these  insects  ja- 
panned or  silvered  pins  should  be  used,  or  when  not  too  large  the 
insects  should  be  mounted  on  triangles.  This  verdigrising  is  associated 
with  what  is  known  as  greasing,  and  this,  as  just  indicated,  is  also 
associated  with  endophytous  larval  life.  The  verdigris  may  be  i)re- 
vented  by  the  methods  indicated,  and  I  would  strongly  advise,  as  a 
good  general  rule  to  be  followed,  the  rejection  of  the  ordinary  pins  for 
all  species  which,  in  the  larva  sj;ate,  are  internal  feeders.  But  there  is 
no  way  of  preventing  greasing  or  decomposition  of  the  fats  of  the 
body,  which  may  affect  a  specimen  years  after  it  has  been  in  the 
cabinet.  If  the  specimen  is  valuable  the  grease  may  be  absorbed  by  im- 
mersion in  ether  or  benzine,  or  by  a  longer  treatment  with  powdered 
pipe  clay  or  plaster  of  Paris.  Insects  collected  on  seabeaches,  and 
saturated  with  salt  water,  also  corrode  the  common  steel  pin  very 
quickly  and  should  be  mounted  on  japanned  pins.  It  is  also  advisable 
to  rinse  snch  specimens  thoroughly  in  fresh  water  before  mounting. 

The  conviction  has  been  forcing  itself  on  my  mind  for  some  time  that 
the  naphthaline  cones  tend  to  promote  greasing  and  verdigris,  and 
carbolic  acid  in  some  small  vessel  secured  to  the  cork,  were,  perhapS| 
preferable. 
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THE  REARING  OF  INSECTS. 

General  Directions. — The  importance,  even  to  the  mere  collector,  of 
rearing  insects  to  obtain  specimens  for  the  cabinet  has  been  referred 
to  from  time  to  time  in  these  pages.  The  philosophic  study  of  ento- 
mology, however,  requires  much  more  than  the  mere  collecting  of 
specimens,  and  one  of  the  most  profitable  and,  at  the  same  time,  most 
fascinating  phases  of  the  study  relates  to  the  life-history  and  habits. 
In  no  branch  of  natural  history  are  biologic  studies  more  easily  carried 
on,  or  the  biologic  facts  more  remarkable  or  interesting.  The  syste- 
matist  by  such  study  will  be  saved  from  the  narrow  and  hair-splitting 
tendencies  which  study  of  slight  difference  of  characters  tends  to, 
while  to  the  economic  entomologist  it  is  most  essential. 

In  the  rearing  of  insects  success  will  be  attained  in  proportion  to  the 
extent  to  which  the  conditions  of  nature  in  the  matters  of  temperature, 
moisture,  food-supply,  and  conditions  for  pupation,  are  observed. 

"  In  the  hands  of  the  careful  breeder  an  insect  may  be  secured  against 
its  numerous  natural  enemies  and  against  vicissitudes  of  climate,  and 
will,  consequently,  be  more  apt  to  mature  than  in  a  state  of  nature. 
The  breeding  of  aquatic  insects  requires  aquaria,  and  is  always  at- 
tended with  the  difficulty  of  furnishing  a  proper  supply  of  food.  The 
transformations  of  many  others,  both  aquatic  and  terrestrial,  can  be 
studied  only  by  close  and  careful  outdoor  observation.  But  the  great 
majority  of  insect  larvae  may  be  reared  to  the  perfect  state  indoors, 
where  their  maneuverings  may  be  constantly  and  cx)nveniently  watched. 
For  the  feeding  of  small  species,  glass  jars  and  wide-mouthed  bottles 
will  be  found  useful.  Tbe  mouths  should  be  covered  with  gauze  or 
old  linen,  fastened  either  by  thread  or  rubber,  and  a  few  inches  of 
moist  earth  at  the  bottom  will  furnish  a  retreat  for  those  which  enter 
it  to  transform  and  keep  the  atmosphere  in  a  moist  and  fit  condition. 

The  Breeding  Cage  or  Vivarium. — ''  For  larger  insects  I  use  a  breeding 
cage  or  vivarium  which  answers  the  purpose  admirably.  It  is  repre- 
sented in  figure  123,  and  comprises  three  distinct  parts:  First,  the  bot- 
tom board  a,  consisting  of  a  square  piece  of  inch  thick  walnut  with  a 
rectangular  zinc  pan  jf,  4  inches  deep,  fastened  to  it  above,  and  with 
two  cross  pieces  gg  below,  to  prevent  cracking  or  warping,  facilitate 
lifting,  and  allow  the  air  to  pass  underneath  the  cage.  Second,  a  box 
b  with  three  glass  sides  and  a  glass  door  in  front,  to  fit  over  the  zinc 
pan.  Third,  a  cap  c,  which  fits  closely  on  to  the  box,  and  has  a  top 
of  fine  wire  gauze.  To  the  center  of  the  zinc  pan  is  soldered  a  zinc 
tube  (I  just  large  enough  to  contain  an  ordinary  quinine  bottle.  The 
zinc  pan  is  filled  with  dejin  sifted  earth  or  sand  e,  and  the  quinine 
bottle  is  for  the  reception  of  the  food  plant.  The  cage  admits  of  abun- 
dant light  and  air,  and  also  of  the  easy  removal  of  excrement  or  frass 
which  falls  to  the  ground;  while  the  insects  in  transforming  enter  the 
ground  or  attach  themselves  to  the  sides  or  the  cap,  according  to  their 
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habits.  TLo  most  convenient  dimensions  I  find  to  be  12  inches  sqaare 
and  ISindiesbJgh:  the  cap  and  the  door  fit  closely  by  means  of  rabbets, 
and  the  former  has  a  depth  of  about  4  inches  to  admit  of  the  largest 
cocoon  being  spnn  in  it  witiiout  touching  the  box  on  w^bich  it  rests. 
The  zinc  pau  might  be  made  0  or  8  inclics  deep,  and  the  lower  half 
filled  with  sand,  so  as  to  keep  the  whole  moist  for  a  greater  length  of 
time." 

The  sand  or  eartli  in  the  zinc  pan  at  the  bottom  of  tlie  breeding  cage 
should  be  kept  constantly  moistened,  and  in  ttic  ease  of  hibernating 
pnpie  the  constant  adding  of  water  to  the  toj)  of  the  earth  or  sand 
causes  it  to  become  very  liiird  and  compact.    To  overcome  this  objec- 
tion  it    was   suggested  in  tlio  Eniontologwi^  Monthly  Magazine  for 
June,  1876,  page  17,  that  the  base  should  be  niiule  with  an  inner  |>er- 
forated  side,  the  water  to  be  applied  between  it  and  tlie  outer  side,  and 
I  hare  for  some  years  employe«l  a  similar  double-sided  base,  which 
answers  the  piuT>o«c  admirably    (See  Figure  124.).    It  is  substantially 
the  same   as  that  made  for  the  Department  by  Prof.  J.  H.  Com- 
stock  in  1879.     It  consists  of  a  zinc  tray  «,  of  two  or  three  inches 
greater  diameter  than  the  breeding  cage,  which  surnmnds  the  zinc  pan 
proper  containing  the  earth, and 
the  tube  d  for  the  reception  of 
the  food-plant.    The  lower  iK>r- 
tion  of  the  inner  pan  b  is  of  per- 
forated zinc.     Zinc  supjiorts,  c  c, 
are  constructed  about  halfway 
between  the  bottom  and  the  toi> 
of  this  pan,  on  which  the  breed- 
ing cage  rests.    In  moistening 
the  earth  in  the  cage,  water  is 
poured  into  the  tray,  which  en- 
ters the  soil  slowly,   through 
the  perforations  in  the  zinc  pan. 
I  have  found  this  modification 
of  very  decided  advantage  and 
use  it  altogether  in  the  work  of 
the  Division,  and  heartily  rec- 
ommend it. 

The  base  of  the  vivarium  or 
breeding  cage  should  never  be 
made  of  tin,  but  always  of  zinc. 
If  made  of  tin,  it  will  soon  rust 
ont.    Galvanized  iron  may  be 

□Bed  in  place  of  the  zinc,  and  will  doubtless  ]irove  e<iually  satisfac- 
tory. 
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"A  dozen  Bucli  cages  will  fdmifili  room  for  the  aonual  breeding  of 
a  greiit  uumber  of  specieK,  aa  Beveral  hiiviug  ctilfereut  habits  and  ap- 
pearanire,  and  ttMcIi  tliere  is  no  danger  of  confoonding,  may  be.  simnl- 
taueously  fed  in  the  same  cage.  I  number  each  of  the  three  parts  of 
each  cage  to  prevent  misplacement  and  to  facilitate  reference,  and 
aside  f^om  the  notes  made  in  the  notebook,  it  will  aid  the  memory 
and  expedite  matters  to  keep  a  short  open  record  of  the  species  coo- 
taincd  in  each  cage,  by  me^ans  of  sbps  of  paper  pasted  on  the  glass 
door.  As  fast  as  the  different  specimens  c«m])tete  their  transforma- 
tions and  are  taken  from  the  cage  the  notes  may  be  altered  or  erased, 
or  the  slips  wetted  and  removed  entirely.  To  prevent  possible  con- 
founding of  the  different  species  which  cnt«r  the  gronnd,  it  is  well, 
from  time  to  time,  to  sift  the  eartli,  separate  tlie  pupa;  and  place  them 
in  what  I  call '  imago  cages,'  used  for  this  pin-pose  alone  and  not  for 
feeding.  Here  they  may  l)e  arraugwl  with  references  to  their  exact 
whereabouts. 


Fin.  124.— luproTial  base  for  bncdlug-cage  (arlgtnal). 

"A  continued  supply  of  fresh  food  must  be  given  to  those  insects 
which  are  feeding,  and  a  bit  of  moist  sjwnge  thrust  into  the  moutb  of 
tlie  bottle  will  prevent  drowning,  and  furnish  moisture  to  such  as 
need  it.  By  means  of  a  broad  paste  brush  and  spoon  the  frass  may 
be  daily  removed  ironi  the  earth,  which  should  be  kept  in  a  fit  and 
moist  condition — neither  too  wet  nor  too  dry.  In  the  winter,  when 
insect  life  is  dormant,  the  earth  may  be  covered  with  a  layer  of  clean 
moss,  and  the  cages  pat  away  in  the  cellar,  where  they  will  need  only 
(iccasional  inspection,  but  where  the  moss  nnist  nevertheless  be  kept 
<lump.  Cages  made  after  the  same  plan,  but  with  the  sides  of  wire 
gauze  instead  of  glass,  may  be  uso<l  for  insecta  which  do  not  well  bear 
confinement  indoors,  the  cages  to  be  ]ilaccd  on  a  jilatform  on  the  north 
side  of  a  house,  where  they  will  receive  only  the  early  morning  and  late 
evening  snn." 


[115]         COLLECTING  AND   PRESERVING   INSECTS — ^RILEY. 

Detailed  Instructions  for  Rearing. — In  the  rearing  of  insects  every 
worker  will  develop  a  number  of  methods  of  value,  and  it  is  only  by 
careful  study  and  comparison  of  the  experiences  of  all  that  the  best 
system  can  be  elaborated.  For  this  reason  I  have,  in  what  follows, 
quoted,  in  a  more  or  less  fragmentary  way,  the  experiences  rf  different 
entomologists. 

As  is  remarked  by  Miss  Murtfeldt,  in  an  interesting  paper  read  before 
the  Entomological  Club  of  the  American  Association  for  the  Advance- 
ment of  Science,  August  20, 1890,  "  there  is  a  great  individuality,  or 
rather  si)ecificaUty,  in  insects,  and  not  infrequently  specimens  of  larvjB 
are  found  for  which  the  collector  taxes  his  ingenuity  in  vain  to  provide. 
Not  the  freshest  leaves,  the  cleanest  swept  earth,  or  the  most  well-aired 
cages  will  seem  to  promote  their  development." 

The  greatest  care  and  watchfulness,  therefore,  are  necessary  to  insure 
success  in  the  rearing  of  larvje.  In  many  cases  such  larvae  can  only  be 
successfully  reared  by  inclosing  them  in  netting  on  their  food-plant  out 
of  doors.  It  is  a  frequent  device  of  Lepidopteri^sts  also  to  inclose  a 
rare  female  in  netting  placed  on  the  food  plant  of  the  species,  where 
the  male  may  be  attracted  and  may  be  caught  and  placed  in  the  bag 
with  the  female,  when  copulation  usually  takes  place  successfully,  or  a 
male  may  be  caught  in  the  field  and  inclosed  with  such  female.  Mr.  W. 
H.  Edwards,  where  the  plant  is  a  small  one,  uses  for  this  purpose  a 
headless  keg  covered  at  one  end  with  gauze,  which  he  places  over  the 
plant  inclosing  the  female. 

Mr.  James  Fletcher,  of  Ottawa,  Canada,  one  of  our  most  enthusiastic 
rearers  of  insects,  has  given  some  details  of  his  methods  in  a  recent 
very  interesting  account  of  '^A  Trip  to  Nepigon.''  One  style  of  cage 
used  by  him  in  securing  the  eggs  of  large  Lepidoptera  ^*  is  made  by  cut- 
ting two  flexible  twigs  from  the  willow  or  any  other  shrub  and  bending 
them  into  the  shape  of  two  arches,  which  are  put  one  over  the  other  at 
right  angles  and  the  ends  pushed  into  the  ground.  Over  the  pent- 
house thus  formed  a  piece  of  gauze  is  placed,  and  the  cage  is  complete. 
The  edges  of  the  gauze  may  be  kept  down  either  with  pegs  or  with 
earth  placed  upon  them."  This  kind  of  cage  is  used  for  all  the  larger 
species  which  lay  upon  low  plants.  The  species  which  oviposit  on  larger 
plants  or  trees  are  inclosed  in  a  gauze  bag  tied  over  the  branch.  This  is 
applicable  to  insects  like  PapiliOy  LimenitiSj  Grapta^  etc.  Care  must  be 
taken,  however,  that  the  leaves  of  the  plant  inside  the  net  are  in  a  nat- 
ural position,  for  some  species  are  very  particular  about  where  they  lay 
their  eggs,  some  ovipositmg  on  the  top  of  the  leaves,  others  near  the 
tip,  and  many  others  on  the  under  surface.  "  When  a  bag  made  before- 
hand is  used,  the  points  must  be  rounded,  and  in  tying  the  piece  of 
gauze  over  the  branch  care  must  be  taken  to  pull  out  all  creases  aad 
folds,  or  the  insect  will  be  sure  to  get  into  them  and  either  die  or  be 
killed  by  spiders  from  the  outside  of  the  bag.  It  is  better  to  put  more 
than  one  female  in  the  same  cage.    I  have  frequently  noticed  that  one 
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Bpecimen  alone  is  apt  to  crawl  about  aud  settle  on  the  top  of  the  cage, 
and  not  go  near  the  food  plant.  When  there  are  two  or  three  they  dis- 
torb  each  other  and  are  frequently  moving  and  falling  on  the  food  plant, 
when  they  will  stop  for  a  moment  and  lay  an  egg,  A  stubborn  female 
of  Goleus  eurytheme  was  only  induced  to  lay  by  having  a  male  placed 
in  the  cage  with  her,  and  by  his  impatient  fluttering  and  efforts  to 
escape  she  was  frequently  knocked  down  from  the  top,  and  every  time 
she  fell  upon  the  clover  plant  beneath,  she  laid  an  egg  before  crawling 
to  the  top  again.''  Some  insects,  even  with  all  care  in  making  their 
surroundings  as  natural  as  possible,  will  persistently  refuse  to  lay. 
Mr.  Fletcher  has  successfully  obtained  eggs  from  some  of  these  by  a 
method  which  he  says  one  of  his  correspondents  styles  "  Egg-laying 
extraordinary."  It  consists  simply  in  '^  gently  pressing  the  abdomen 
of  a  female  which  has  died  without  laying  eggs,  until  one  and  some- 
times two  i)erfect  eggs  are  passed  from  the  ovipositor.''  Mr.  Fletcher 
has  secured  a  number  of  eggs  from  rare  species  in  this  way,  and  suc- 
cessfully reared  the  larvae.  The  following  directions  for  obtaining  the 
eggs  and  rearing  the  larv»  of  Lepidoptera,  given  in  this  paper  by  Mr. 
Fletcher,  are  excellent,  and  I  quote  them  entire: 

"  There  are  one  or  two  points  which  should  be  remembered  when  ob- 
taining egg^  and  rearing  larvae.  In  the  first  place,  the  females  should 
not  be  left  exposed  to  the  dfrect  rays  of  the  sun ;  but  it  will  be  found 
sometimes  that  if  a  butterfly  is  sluggish,  putting  her  in  the  sun  for  a 
short  time  will  revive  her  and  make  her  lay  eggs.  Confined  females, 
whether  over  branches  or  potted  plants,  should  always  be  in  the  open 
air.  If  females  do  not  lay  in  two  or  three  days  they  must  be  fed.  This 
is  easily  done.  Take  them  from  the  cage  and  hold  near  them  a  piece  of 
sponge  (or,  Mr.  Edwards  suggests,  evaporated  apple),  saturated  with 
a  weak  solution  of  sugar  aud  water.  As  soon  as  it  is  placed  near  them 
they  will  generally  move  their  antennae  towards  it,  and,  uncoiling  their 
tongues,  suck  up  the  liquid.  If  they  take  no  notice  of  it  the  tongue 
can  be  gently  uncoiled  with  the  tip  of  a  pin,  when  they  will  nearly 
always  begin  to  feed.  It  is  better  to  feed  them  away  from  the  plant 
they  are  wanted  to  lay  upon,  for  if  any  of  the  sirup  be  spilled  over  the 
flowerpot  or  plant  it  is  almost  sure  to  attract  ants.  I  kept  one  female 
Colias  interior  in  this  way  for  ten  days  before  eggs  were  laid.  When 
eggs  are  laid  they  should,  as  a  rule,  be  collected  at  short  intervals. 
They  are  subject  to  the  attacks  of  various  enemies — spiders,  ants,  crick- 
ets, and  minute  hymenopterous  parasites.  They  may  be  kept  easily  in 
small  boxes,  but  do  better  if  not  kept  in  too  hot  or  dry  a  place.  When 
the  young  caterpillars  hatch  they  must  be  removed  with  great  care  to 
the  food  plant;  a  fine  paint  brush  is  the  most  convenient  instrument. 
With  small  larvae  or  those  which  it  is  desired  to  examine  often,  glass 
tubes  or  jelly  glasses  with  a  tight-fitting  tin  cover  are  best.  These 
must  be  tightly  closed  and  in  a  cool  place.  Light  is  not  at  all  necessary, 
and  the  sun  should  never  be  allowed  to  shine  directly  upon  them.    If 
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moisture  gathers  inside  the  glasses  the  top  should  be  removed  for  a 
short  time.  Larvae  may  also  be  placed  upon  growing  plants.  These  can 
be  planted  in  flowerpots  and  the  young  caterpillars  kept  from  wander- 
ing either  by  a  cage  of  wire  netting  or,  by  what  I  have  found  very  sat- 
isfactory, glass  lamp  chimneys.  These  can  be  placed  over  the  plant,  with 
the  bottom  pushed  into  the  earth,  and  then  should  have  a  loose  wad 
of  cotton  batting  in  the  top.  This  has  the  double  effect  of  preventing 
too  great  evaporation  of  moisture  and  keeping  its  occupants  within 
bounds.  Some  larvie  wander  very  much  and  climb  with  the  greatest 
ease  over  glass,  spinning  a  silken  path  for  themselves  as  they  go. 
When  caterpillars  are  bred  in  the  study  it  must  not  be  forgotten  that 
the  air  inside  a  house  is  much  drier  than  it  is  out  of  doors  amongst  the 
trees  and  low  herbage,  where  caterpillars  live  naturally.  The  amateur 
will  require  some  experience  in  keeping  the  air  at  a  right  degree  of 
moisture  when  breeding  upon  growing  plants.  In  close  tin  boxes  or 
jars,  where  the  leaves  must  be  changed  every  day,  there  is  not  so  much 
trouble.  An  important  tluug  to  remember  with  larvae  in  jars  is  to 
thoroughly  wash  out  the  jars  with  cold  water  every  day.  If,  however, 
a  caterpillar  has  spun  a  web  on  the  side  and  is  hung  up  to  moult,  it 
must  not  be  disturbed.  In  changing  the  food  it  is  better  not  to  remove 
the  caterpillars  from  the  old  food,  but  having  placed  a  new  supply  in 
the  jar,  cut  off  the  piece  of  leaf  upon  which  they  are  and  drop  it  into 
the  jar.  If  they  are  not  near  the  moult  a  little  puff  of  breath  will  gen- 
erally dislodge  them.  Some  caterpillars,  as  Papilio  turnusy  which  spins 
a  platform  to  which  it  retires  after  feeding,  can  best  be  fed  upon  a  liv- 
ing tree  out  of  doors,  but  must  be  covered  with  a  gauze  bag  to  keep  oft* 
enemies.  A  piece  of  paper  should  be  kept  attached  to  each  breeding 
jar  or  cage,  upon  which  regular  notes  must  be  taken  at  the  time,  giving 
the  dates  of  every  noticeable  feature,  particularly  the  dates  of  the 
moults  and  the  changes  which  take  place  in  the  form  and  color  at  that 
time." 

The  necessity  of  outdoor  work  is  ftirther  felt  in  the  determination  of 
the  facts  in  the  life-history  of  some  insects  which  have  an  alternation 
of  generations,  as  some  Gall-flies  ( Cynipidae),  and  most  Aphides.  To 
successfully  study  these  insects  constant  outdoor  observation  is  neces- 
sary, or  the  species  must  be  inclosed  in  screens  of  wire  or  netting  out- 
doors on  their  tbod-plant.  Many  insects  which  breed  on  the  ground 
or  on  low  herbage  may  be  very  successfully  watched  and  controlled  by 
covering  the  soil  containing  them  or  the  plant  on  which  they  feed  with 
a  wire  screen  or  netting.  The  use  of  wire  screens  is  .also  advisable  in 
the  case  of  wintering  pupae  or  larvae  out  of  doors.  Many  species  can 
be  more  easily  carried  through  the  winter  by  placing  them  outdoors 
under  such  screens  during  the  winter,  which  insures  their  being  sub- 
jected to  the  natural  conditions  of  climate,  and  then  transferring  them 
to  the  breeding  cage  again  early  in  the  spring.  This  is  advisable  in 
the  case  of  Microlarvje  and  pux^ie.  Si)ecies  which  bore  in  the  stems 
of  plantsmay  be  easily  cared  for  and  leaf-mining  and  leaf- webbing  forms 
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can  be  secured  under  screens  or  covers  out  of  doors  for  the  winter  in 
sheltered  situations.  Many  species  whicji,  if  kept  in  a  warm  room 
can  not  be  reared,  will,  if  subjected  to  freezing  weather  under  slight 
protection  in  the  open  air,  emerge  successfully  the  following  spring. 

The  greatest  care  is  necessary  in  the  breeding  of  TenthredinidaB,  as 
most  of  them  transform  under  ground  and  are  single  brooded,  the  larvae 
remaining  in  the  ground  from  midsummer  until  the  following  spring, 
l^othiug  but  constant  care  in  maintaining  uniform  moisture  and  tem- 
perature of  the  soil  will  insure  the  success  of  such  breeding.  Some 
species  bore  into  rotten  wood  or  the  stems  of  plants  to  undergo  their 
transformations,  as  for  instance  the  Dogwood  Saw-fly  {Hai^iphoms 
variantis).  This  species,  unless  supplied  with  soft  or  rotten  wood  in 
which  to  bore,  will  wander  ceaselessly  round  the  cage,  and  in  most 
cases  eventually  perish. 

Where  a  small  room  can  be  devoted  to  the  purpose,  an  excellent 
wholesale  method  of  obtaining  wood-boring  insects  {Coleopterdy  Lepi- 
dopteray  etc.)  is  to  collect  large  quantities  of  dead  or  dying  wood  of  all 
sorts  or  any  that  indicates  the  presence  of  the  early  states  of  insects, 
and  store  it  in  such  apartment.  The  following  spring  and  simmier  the 
escaping  insects  will  be  attracted  to  the  windows  and  may  be  easily 
seclired.  The  objection  to  this  method  is  that,  in  many  cases,  it  will  be 
impossible  to  aetermine  the  food  habit  of  the  insect  secured,  owing  to 
the  variety  of  material  brought  together. 

The  Boot  Cage, — ^For  the  study  of  insects  which  aflfect  the  roots  of 
plants  a  root  cage  ha«  been  devised  by  Prof.  J.  H.  Gomstock  which  is  of 
sufficient  importance  to  warrant  full  description.  It  consists  of  a  zinc 
frame  (Fig.  125a)  holding  two  plates  of  glass  in  a  vertical  position  and  only 
a  short  distance  apart,  the  space  between  the  plates  being  filled  with 
soil  in  which  seeds  are  planted  or  small  plants  set.  Outside  of  each  glass 
is  a  piece  of  zine  orsheet  iron  (b)  which  slips  in  to  grooves  and  which  can  be 
easily  removed.    When  these  zincs  are  In  place  the  soil  is  kept  dark. 

The  idea  of  the  cages  is,  that  the  space  between  the  glasses  being 
very  narrow,  a  large  part  of  the  roots  will  ramify  close  to  the  surface  of 
the  glass,  so  that  by  removing  the  zinc  slides  the  roots  may  be  easily 
seen,  and  any  root-inhabiting  insects  which  it  maybe  desirable  to  breed 
may  thus  be  studied  in  their  natural  conditions  without  disturbing  them. 
Prof.  Comstock  has  used  this  cage  very  successfully  in  studying  the 
habits  of  wire-worms,  and  its  availability  for  many  of  the  underground 
insects,  such  as  the  Cicadas,  root-lice,  larvie,  etc.,  is  apparent.  These 
frames  may  be  made  of  various  sizes,  to  accommodate  particular  insects. 
It  will  be  of  advantage  in  many  cases,  in  order  to  secure  the  natural  con- 
ditions as  nearly  as  possible,  to  sink  the  cage  in  the  soil,  and  for  this  pur- 
pose Prof.  Comstock  has  had  constructed  a  pit  lined  with  brick  for  the 
reception  of  his  cages,  and  employs  a  small  portable  crane  to  lift  them 
out  of  the  ground  when  it  is  desirable  to  examine  them. 
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Other  Apparatm.^l\ich  of  the  breeding  of  iiisecU  can  be  done  with 
theBimplestappArRtus,  niul  fur  the  rearing  of  Microlepidoptera,  Gall- 
insects,  ami  the  keeping  of  cocuoiis  and  chrysalides  of  »mall  species,  noth- 
ing is  more  convenient  than  ameilium  sized  te»t-tiibe,  the  end  of  which 
niiiy  be  plugged  with  cotton.  I  have  recently  suircessfiUly  carrietl  over 
the  winter  the  larva  of -Sj»Aec(«ssjfecitf««»,  which  had  been  removed  early 
in  the  fall  from  ita  earthen  pod  or  coc<M)n,  the  larva  transforming  to  a 
perfect  pupa  in  the  spring.  In  this  casethetesttubewaji  plugged  with 
cotton  and  inserted  in  a  wooden  mailing  tube  to  exclude  the  light. 
Smaller  jars  with  glass  covers  or  with  a  covering  of  gauze  may  be  em- 
pU»yed  for  most  insects,  with  the  advantjige  of  occupying  comparatively 
little  space  and  of  isolating  the  .species  nnder  study. 


Fra.  1S3— Bootiuifei  a.  tnme  Hith  slldo  reuioveil ;  b.  muvibk' xltilc  i  c,  lup  vi.'W  (iirlKlnidl. 

Long  g\aas  tulxw,  open  at  both  ends,  are  useful  in  many  other  ways, 
especially  in  the  rearing  and  (*tudy  of  the  smaller  hyi>ogean  insects  or 
those  which  bore  and  live  in  the  stems  of  plants.  An  inlcsted  stem  cut 
o]>eo  on  one  side  and  placed  in  such  a  tube  will  generally  carry  any 
insect  that  has  ceased  feeding,  or  any  species  like  the  wood-boring  bees 
which  feed  upon  stored  fooil,  .snccej^sfully  through  their  transfornnitions; 
while  root-lice  may  be  kept  for  a  lengthy  period  ui>on  the  ixiots  in  sueli 
tube,  providing  a  portion  of  the  root  extends  out.side  of  the  tnlie  and  is 
kept  in  moistened  gronnd  or  water.  In  all  such  cases  these  tubes,  with 
their  contents,  should  be  kept  in  the  dark,  either  in  a  drawer  or  eli<e 
covered  with  some  dark  mat«TiaI  which  can  be  wound  araund  or  slipiie^I 
over  them,  and  the  ends  nnist  be  ch>s4-d  with  cott^m  or  cork. 

The  i-earer  of  insects  «nll  frequently  exiierience  dittieulty  in  carrying 
his  pnpiE  through  the  winter,  and,  even  though  ordinary  i)recautious  are 
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taken,  the  mortality  will  frequently  amount  to  50  percent  of  the  speci- 
mens. Mr.  II.  Bakhaus,  of  Leipsic,  thus  describes  a  device  which  is  sub- 
stantially the  base  of  the  vivarium  shown  on  page  114. 

''The  base  consists  of  a  round  plate  of  strong  zinc,  with  two  vertical 
rims,  an  inch  high,  placed  one  within  tlie  other,  an  inch  apart,  and 
sohlered  to  the  basal  i)lat^  so  that  the  outer  one  is  watertight.  The 
inn(^r  rim  must  be  perforated  with  small  holes  as  close  to  the  bottom 
as  possible.  The  space  inside  the  inner  rim  must  be  filled  with  fine 
sand,  on  which  the  pupae  should  be  laid.  The  space  between  the  two 
rims  is  then  filled  with  water,  which,  finding  its  way  through  the 
holes  in  the  inner  rim  to  the  sand,  causes  the  necessary  moisture. 
Over  the  whole  is  i>ut  a  bell-shaped  cover  of  wire  gauze,  which  must  fit 
tightly  over  the  outer  rim.  In  this  receptacle  the  pupie  remain  un- 
touched, and  I'eceive  fresh  moistiu'e,  as  above  indicated,  if  required  by 
the  drying  of  the  sand." 

The  hardy  pupte  of  most  Noctuids  and  Bombycids,  as  well  as  those 
of  many  Ri)phalocera,  may  be  handled  with  little  danger,  but  other 
specjies,  if  handled  at  all,  or  if  the  cocoons  which  they  make  for  themselves 
are  broken,  can  seldom  be  reared.  Constant  precautions  also  must  be 
exercised  in  the  care  of  the  soil  and  the  breeding  cages.  One  of  the 
great  drawbacks  is  the  presence  of  mites  and  thread  worms  (Entozoons), 
etc.,  which  affect  dying  or  dead  pupie  and  larvae  in  the  soil.  They  also 
affect  living  specimens  and  are  capable  of  doing  very  considerable 
damage.  To  free  the  soil  of  them  it  is  necessary  at  times  to  allow  the 
earth  to  become  dry  enough  to  be  sifted,  ano  then  after  removing  the 
pupae  submit  it  to  heat  sufficient  to  destroy  any  undesired  life  there 
may  be  in  it. 

The  Insectary, — Up  to  the  present  time  the  work  of  rearing  insects  has 
been  largely  confined  to  the  breeding  cage  and  breeding  jar,  already  de- 
scribed, which  have  been  kept  in  the  rooms  of  the  investigator.  The 
advantages  of  having  a  special  building  for  this  purpose  are  at  once 
apparent  and  need  not  be  insisted  upon.  One  of  the  best  establish- 
ments of  this  kind  is  that  of  the  Cornell  University  Experiment  Station, 
which  was  fully  described  in  Bulletin  No.  3,  of  that  station,  November, 
1888.  The  Kansas  Experiment  Station  has  a  similar  building,  and  one 
has  recently  been  built  for  the  use  of  the  Entomological  Division  of  the 
United  States  Department  of  Agriculture.  The  insect-breeding  house, 
or  insectary,  shcmld  comprise  a  building  having  workrooms,  or  labo- 
ratories, for  microscopic  and  general  work  in  the  study  and  preparation 
of  specunens,  and  also  a  conservatory  f(U'  the  rearing  of  specimens  and 
the  growth  of  plants,  and,  where  applied  entomology  is  concerned, 
special  rooms  for  tlie  preparation  and  the  test  of  insecticides.  The 
building  proper  should  also  have  a  basement  storage  room  for  hiber- 
nating insects.  Tlie  laboratory  should  be  fitted  with  all  the  apparatus 
used  in  the  study  of  insects,  including  microscopes  and  accessories  and 
a  dark-room  for  photographic  purposes. 
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DIBECTIONS  FOR  TRANSMITTING  INSECTS. 

It  is  very  desirable  Id  traQsmittiog  ineects  from  the  field  of  explora- 
tion, or  from  ouo  entomologist  to  another,  for  information,  exchange,  or 
other  purpose,  that  they  be  properly  secured  and  packed.  Pinned  and 
mounted  specimens  should  be  firmly  fixed  in  a  cigar  box,  or  a  special 
box  for  mailing,  and  this  should  be  careftilly  but  not  too  tightly  wrapped 
vith  cotton  or  other  loose  packing  material  to  a  depth  of  perhaps  an 
inch,  and  the  whole  then  Inclosed  in  stiff  wrapping  paper.  It  is  prefer- 
able, however,  to  inclose  the  box  containing  the  specimens  in  a  larger 
box,  filhng  the  intervening  space,  not  too  firmly,  with  cotton  or  other 
packing  material.    Where  specimens  are  to  be  sent  to  a  considerable 


Fro.  126.— Wooden  tube  nuuLing-box :  a.  tiibe^  b,  cover  (oriKiDBl.l 

distance  it  is  advisable  also  to  line  the  bos  in  which  they  are  placed 
with  cotton,  which  serves  to  catch  and  hold  any  specimens  which  may 
become  loose  in  transit.  In  tlie  case  of  alcoholic  specimens  each  vial 
shoold  be  wrapped  separately  in  cotton  and  placed  in  a  strong  wooden 
or  tin  box.  Special  mailing  Intxes  for  alcoholic  si)ecimcns  have  been 
devised,  and  a  very  convenient  form  is  herewith  figured.  It  is  an  ordi- 
nary tube  of  wood,  with  a  metal  screw  top,  and  the  interior  lined  with 
rongh  cork.  These  tubes  are  made  in  various  sizes  to  accommodate 
vials  of  different  dimensions. 

In  mailing  living  specimens  the  ewHeiitial  thing  is  a  strong  box,  pre- 
ferably tin,  made  as  nearly  air-tight  as  possible.  I  have  found  it  very 
convenient  on  long  trips  to  carry  with  me  a  number  of  tin  boxes  in  the 
flat  (Fig.  127),  combined  in  convenient  packages,  ready  to  be  bent  and 
improvised  in  the  field.  For  this  purpose  get  any  tinsmith  lo  make  out 
of  good  tin  a  number  of  pieces  cut  of  the  requisite  dimensions  both  for 
the  bottoms  and  the  covers,  carefully  cutting  the  corners  to  pern)it 
the  pro|K'r  bending  of  the  sides.     These  improvised  boxes  will  prove 
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useful  for  keeping  living  larv»  with  their  food-plants,  especially  if 
tied  up  in  stout  brown  paper  to  prevent  any  exit  from  the  unsoldered 
angles.    They  will  also  answer  admirably  for  mailing  or  otherwise  send- 


j: 


i; 


Fio.  127.— Tin  mailing  box  in  the  flat:  a,  box;  &,  cover  (original). 


ing  specimens  to  their  ultimate  destination.    In  the  case  of  larvsB  a 
quantity  of  the  food-plant  should  always  be  inclosed  in  the  box. 

In  transmitting  insects  for  information  the  greatest  care  should  be 
taken  to  relieve  the  person  of  whom  information  is  sought  of  as  much 
unnecessary  work  as  possible.  It  is  easy  for  any  beginner  to  collect 
more  in  a  single  day  than  an  experienced  entomologist  can  well  mount, 
study,  and  determine  in  a  week,  and  as  those  who  have  the  means  and 
information  to  give  determinations  or  otherwise  to  assist  beginners  are 
generally  very  much  occupied,  and  their  time  is  valuable,  they  are  justi- 
fied in  ignoring  miscellaneous  collectings  where  the  sender  has  made  no 

p;— effort  to  either  properly  mount  or 

^C^\^ : ^^"^-^1    otherwise  study  and  care  for  his 

^^'  *    si)ecimens. 

Living  specimens,  especially larvje, 
should  be  pivcked  in  tin,  with  a  sup- 
ply of  their  appropriate  food.  The 
tighter  the  box  the  fresher  will  the 
food  as  well  as  the  specimens  keep.  Insects  do  not  easily  suffocate, 
and  it  is  worse  than  useless,  in  the  majority  of  cases,  to  punch  air-holes 
in  such  boxes.  Dead  specimens,  when  not  pinned,  may  be  sent  in  a 
variety  of  ways.  Small  ones  may  be  dropped  into  a  quill  and  inclosed 
in  a  letter,  or  a  small  vial  fitted  into  a  piece  of  bored  wood.  Those 
which  do  not  spoil  by  wetting  may  be  sent  in  alcohol,  provided  the  bot- 


FiG.  128.— Tin  mailinK'box,  bent  into  shape  for 
xiBO  (originai.) 
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tie  is  absolutely  filled,  or,  what  is  better,  in  sawdust  moistened  with 
alcohol,  or  between  layers  of  cotton  saturated  with  alcohol. 
The  postal  regulations  permit  the  sending  by  mail  of  "  dried  insects 
*  ♦  ♦  when  properly  put  up,  so  as  not  to  injure  the  persons  of 
those  handling  the  mails,  nor  soil  the  mail  bags  or  their  contents." 
Specimens  in  alcohol  may  also  be  sent  by  mail,  provided  that  the  con- 
taining vial  be  strong  enough  to  resist  the  shock  of  handling  in  the 
mail,  and  that  it  be  inclosed  in  a  wooden  or  papier-mach4  tube  not  less 
than  three-sixteenths  of  an  inch  thick  in  the  thinnest  part,  lined  with 
cork  or  other  soft  material,  and  with  a  screw  top  so  adjusted  as  to  pre- 
vent the  leakage  of  the  contents  in  case  of  breakage.  Entomological 
specimens  are  of  the  fourth  class  of  mail  matter,  the  postage  on  which 
is  1  cent  an  ounce  or  fraction  thereof,  the  limit  of  weight  for  a  single 
package  being  4  pounds,  and  the  limit  as  to  bulk  18  inches  in  any 
direction.  Saleable  matter  is  also  nonmailable  at  fourth -class  rates; 
so  that  the  safer  method,  with  small  packages,  is  to  send  under  letter 
postage.  It  is  far  better,  however,  for  long  journeys,  and  especially 
for  transatlantic  shipment,  to  send  by  express. 

NOTES  AND  MEMORANDA. 

In  the  foregoing  pages  are  given  some  of  the  more  useful  directions 
for  those  wishing  to  commence  to  collect  and  study  insects.    Experience 
wiU  soon  teach  many  other  important  facts  not  mentioned  here,  and  the 
best  closing  advice  I  can  give  the  novice  is,  to  get  acquainted,  if  possi- 
ble, with  some  one  who  has  already  had  large  exi)erience.    He  will  be 
very  apt  to  find  such  a  person  pleasant  and  instructive  company 
whether  in  the  field  or  in  the  closet.    One  important'  habit,  however,  I 
wish  to  strongly  inculcate  and  emphasize:  The  collector  should  never 
be  without  his  memorandum  or  note  book.    More  profitless  work  can 
scarcely  be  imagined  than  collecting  natural-history  specimens  without 
some  si)ecific  aim  or  object.    Every  observation  made  should  be  care- 
fully recorded,  and  the  date  of  capture,  locality,  and  food-plant  should 
always  be  attached  to  the  specimens  when  these  are  mounted.    More 
extended  notes  may  be  made  in  a  field  memorandum  book  carried  in 
the  pocket  or  in  larger  record  books  at  home.    For  field  memoranda 
I  advise  the  use  of  a  stylographic  pen,  as  pencil  is  apt  to  rub  and  efface 
in  time  by  the  motions  of  the  body.  The  larger  record  book  is  especially 
necessary  for  biologic  notes.    Notes  on  adolescent  states  which  it  is 
intended  to  rear  to  the  imago  can  not  be  too  carefully  made  or  in  too 
much  detail.    The  relative  size,  details  of  ornamentation  and  structure, 
dates  of  moulting  or  transformation  from  one  state  to  another — indeed, 
everything  that  pertains  to  the  biography  of  the  species — should  be 
noted  down,  and  little  or  nothing  trusted  .to  mere  memory  where  exact 
data  are  so  essential.    Many  insects,  particularly  dragon-flies,  have 
briUiant  coloring  when  fresh  from  the  pupa,  which  is  largely  lost  after- 
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ward.  The  time  of  laying  and  hatching  of  eggs,  the  number  from  a 
single  female,  the  character  of  the  eggs,  general  habits,  records  of  par- 
asites and  their  mode  of  attack — all  should  be  entered  as  observed.  A 
great  many  species  have  the  most  curious  life  histories,  which  can  not 
be  ascertained  except  by  continued  and  persevering  observation,  not 
only  in  the  vivarium  or  insectary  but  in  the  field.  It  is  almost  impos- 
sible to  follow,  under  artificial  conditions,  the  ftdl  life  cycle  of  many 
species  like  the  Aphididae,  or  the  Gallflies,  etc.,  which  involve  alterna- 
tion of  generations,  dimorphism,  heteromorphism,  migration  from  one 
plant  to  another,  and  various  other  curious  departures  from  the  normal 
mode  of  development,  without  careful  field  study  and  exi>eriment. 
These  studies  ai'e  possible  only  to  those  who  are  able  to  frequent  the 
same  localities  throughout  the  whole  year,  and  can  hardly  be  carried 
on  by  the  traveling  naturalist  or  collector. 


IXSTEUCTION8   FOR   COLLECTING   AND    PRESERVING 

ARACHNIDS  AND  MYRIAPODS. 

The  foregoing  portions  of  this  manual  have  dealt  almost  exclusively 
with  the  subject  of  the  securing  and  preservation  of  Hexax)ods,  but  it 
is  deemed  advisable  to  include  brief  instructions  for  the  collection  and 
care  of  the  near  allies  of  the  true  insect,  Spiders  and  Myriapods,  the 
study  of  which  will  in  most  cases  be  associated  with  that  of  Hexapods. 

DIBEOTIONS  FOR   COLLECTING  SPIDERS. 

Apparatus, — Many  of  the  directions  and  methods  given  in  the  fore- 
going pages  for  the  collection  of  Hexapods  apply  also  to  the  animals 
named  above.  Little  apparatus  is  necessary  in  the  collection  of  spi- 
ders and  other  Arachnids.  The  essentials  are  vials  containing  alcohol, 
an  insect  net,  a  sieve,  and  forceps.  Narrow  vials  without  necks  are 
best  for  collecting  purposes,  as  the  corks  can  be  more  quickly  inserted. 
They  should  be  of  different  sizes,  from  1  dram  to  4  or  6  drams,  and  the 
alcohol  used  should  be  at  least  50  per  cent  strong  and  in  some  cases  it 
is  advisable  to  use  it  at  a  strength  of  70  or  80  per  cent.  The  net  may 
be  of  the  same  construction  as  that  used  to  collect  insects  and  is  used 
in  the  same  way.  Some  arachnologists,  however,  use  a  net  of  a  some- 
what different  make,  which  is  much  stronger.  The  iron  ring  is  heavier 
and  larger  than  in  the  case  of  the  insect  net,  resembling  in  this  respect 
the  ring  of  the  Deyrolle  net.  The  bag  is  short  and  the  handle  is  fast- 
ened to  both  sides  of  the  ring.  This  net  is  used  for  beating  the  leaves 
of  trees,  bushes,  and  grass.  Dr.  Marx  uses  a  net  which  is  already 
described  and  figured  under  the  name  of  the  Umbrella  Net  (see  p.  34, 
Fig.  52).  The  sieve  is  the  same  as  that  described  on  p.  35,  Fig.  54, 
and  is  used  to  sift  the  spiders  from  leaves  and  rubbish,  especially 
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Fig.  129.— a  ground  Spider  (Oxyopes  viridant). 
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during  winter.  A  mass  of  leaves  and  other  material  is  thrown  into  the 
sieve  and  then  shaken,  the  spiders  falling  through  on  a  piece  of  white 
cloth,  which  is  spread  under 
the  sieve  on  the  ground. 
Many  hibernating  species 
can  be  readily  secured  in  this 
manner.  A  forceps  similar 
to  that  described  for  the  col- 
lecting of  hexapods  should  be 
used  to  capture  or  pick  up 
specimens,  for  if  handled  with 
the  fingers  they  are  apt  to  be 
crushed,  especially  the 
smaller  forms.  As  soon  as 
the  collecting  is  finished  or  the  vial  is  filled  a  label  should  be  placed  in 
this  last  indicating  place  and  date  of  collection.  Egg  sues  and  cocoons 
should  be  collected  in  pill  boxes  and  prox>erly  labeled,  and  if  possible 
the  adults  should  be  reared.  Both  sexes  should  be  collected  and 
descriptive  notes  or  drawings  made  of  the  webs  as  found  in  nature. 

Time  and  Locality  for  Collecting. — The  best  time  to  collect  spiders  is 
in  the  early  fall,  during  the  months  of  September  and  October.  The 
great  majority  of  the  si)ecies  are  then  mature.  Many  forms,  however, 
occur  in  the  adult  state  in  late  spring  and  early  summer.  Numerous 
sx>ecies  may  also  be  collected  during  winter,  some  of  these  hibernating 
under  stones,  the  bark  of  dead  trees,  etc.,  and  others,  more  particularly 
the  small  forms,  under  dead  leaves  and  rubbish  on  the  ground  in  woods. 
Other  species  which  have  hibernated  may  be  found  about  the  earliest 
flowers  in  spring.  No  particular  localities  can  be  indicated  for  the  col- 
lection of  spiders,  since  they  occur  in  all  sorts  of  places,  in  wooded  or 
open  regions  and  also  in  and  about  dwellings.    Many  Lycosidse  are 

found  in  dry  and  rocky  situa- 
tions and  quite  a  number  in 
open  fields.  Thomisidae  may 
be  found  on  flowers.  The 
Therididfe  affect  shady  places, 
and  many  Epeiridae  will  be 
found  in  similar  situations. 
The  AttidiB  love  the  sun  and 
are  found  very  actively  en- 
gaged in  hunting  insects  on 
plants  and  dead  leaves. 
Many  species  of  this  family 
will  be  found  in  cases  under 
loose  bark  in  winter.  Evergreen  trees  are  also  quite  good  collecting 
grounds  for  Attidse.  The  Drassidae  are  ground  spiders  and  are  mostly 
nocturnal,  hiding  during  the  day  under  leaves  and  stones;  a  few  forms. 


Pio.  130.— An  orb-wearer  (Argiope  argyra4pide$  Walok) : 
a,  male;  &,  female;  0  and  d,  enlarged  parte. 
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however,  disport  in  the  hottest  sunshine.  Some  genera  are  found 
most  frequently  near  water  or  in  damp  places,  as  Dolomedes  and  Te- 
tragnatha ;  others  in  sandy  places,  as  Micaria,  Targalia. 

COLLECTING  OTHER  ARACHNIDS:  MITES,   TICKS,   SCORPIONS,   ETC. 

Other  Arachnids — as  mites,  ticks,  scorpions,  daddy  longlegs  or  har- 
vest-men— may  be  collected  in  the  same  way  as  spiders. 

The  Phalaiigidae  (Harvest-men)  somewhat  resemble  spiders,  and  are  at 
once  recognized  by  their  extremely  long  legs.    They  occur  about  houses, 

especially  in  shady  places,  under  the  eaves, 
etc.,  and  in  the  woods  and  fields.  They  are 
carnivorous  and  tbed  on  small  insects,  espe- 
cially Aphides.  They  should  be  pressed  a 
little  when  captured  to  extrude  the  genital 
apparatus,  if  possible,  and  are  best  collected 
in  the  early  fall. 

The  Phr^Tiidje  are  very  peculiar  looking 
animals,  the  anterior  legs  being  very  long  and 
slender  and  the  maxillary  palpi  very  large. 
The  genus  Tltelyphonvs  is  not  uncommon  m 
the  South,  and  is  known  by  its  oblong  body, 
ending  usually  with  a  long,  slender,  many- 
jointed  filament,  from  which  they  are  called 
Whip -tailed  Scorpions.  T.  gigantens  is  the 
common  species.  They 
occur  in  moist  situa- 
tions, and  are  carniv- 
orous, feeding  on  insects  and  small  animals.. 

The  false  scorpions,  Chermetidje,  may  at  once 
be  recognized  by  their  large  maxiUary  palpi, 
resembling  the  maxillae  of  the  true  scorpion. 
They  are  small  insects,  rarely  exceeding  a  quar- 
ter of  an  inch  in  length,  and  are  found  m  dark 
shady-  places  and  feed  upon  mites,  Psoci,  and 
other  small  insects.  A  common  species  is  rep- 
resented at  figure  132. 

The  true  scorpions,  Scorpionidae,  are  well- 
known  forms,  and  are  easily  recognized  by  their  large,  powerful,  for- 
ceps-like maxillce,  and  the  long  slender  tail  continuous  witli  the  thorax 
and  ending  with  a  sting,  which  is,  in  most  cases,  quite  poisonous.  They 
are  found  mostly  in  the  Western  and  Southwestern  States,  and  are  dan- 
gerous in  proportion  to  their  size.  Tlie  iX)isonous  nature  of  the  sting 
of  these  animals  is,  however,  generally  overrated,  and  the  wounds,  even 
of  the  larger  species,  are  rarely  fatal. 

The  Acarina  or  true  mites  are  the  lowest  representatives  of  the 
Arachnida  and  include  many  genera  and  species  differing  very  widely 


Fio.  131.— A  Harvest-man  (Phalan- 
gium  ventrieomm). — From  P^k- 
ard. 


Fio.  132.— FalM  Scorpion  (Che- 
lifer  eaneroidet  L.). — From 
Packard. 
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in  habit  and  cliaractors.  Some  of  them  are  mere  sacs,  on  which  the 
mouth  parts  or  other  organs  are  scarcely  disceruible.  In  general  they 
resemble  spiders.  The  yoang,  however,  when  they  leave  the  egg, 
almost  iuvariably  have  but  three  pairs  of  feet,  resembling  in  this  respect 
the  Hexapods.  The  fourth  pair  is  added 
in  the  later  stages.  They  are  parasitic  on 
insects  and  other  animals,  and  some  of 
them  are  vegetable  feeders  or  live  in  de- 
caying vegetable  and  animal  matter. 

A  very  interesting  group  is  comprised 
in  tbe  family  Pliytoptidae  or  gall-making 
mites  which  occnr  ou  the  leaves  of  various 
trees  and  sbmbs  and  produce  curious  galls 
or  abnormal  growths.     These  mites  are 
elongat«   in    form,    have   rudimentary 
mouth-parts 
and  but  four 
legs.    A  com- 
mon fonn,PAy- 
ioptus  qtiadri- 

*  pea,  produces  a  gall  on  the  leaves  of  the  soft 

*^  ••     maple.    The  galls  of  all  species  should  be 

collected  and  pinne<l  and  also  preserved  in 

f  alcohol,  and  specimens  of  tlie  mites  should 

be  mounted  in  balsam. 

The  members  of  the  genus  Sareoptes  are 
very  miuutc  and  are  the  active  source  of  the 
itch  in  the  lower  animals  aud  man.  Another.* 
common  genus  is  Tyroglyphus,  which  in- 
cludes tlie  common  cheese  mite,  T.  siro. 
Other  species  of  this  genus  also  sometimes 
occur  iu  enormous  numbers  in  grocers'  sup- 
'^a^n'io^r-^l^^if^"'    plies.     Still  others  are  parasitic  on  insects, 
and  one  species,  T.  phylloxerce  Biley,  is  very 
beneficial,  since,  as  its  name  indicates,  it  feeds  on  the  Phylloxera  of  the 
grapevine. 

The  Ixodidse  comprise  tbe  ticks  which  attach  themselves  to  cattle, 
hogs,  aud  man,  and  are  not  at  all  uncoimnon  objects.  These  insects 
c«n  be  found  on  the  animals  they  infest,  and  distinct  species  will  be 
found  to  occnr  on  most  wild  mammals.  The  common  Cattle-tick 
Boophilua  bovis  Biley,  is  represented  at  Fig.  134, 

The  family  Orobatidie  includes  a  nnmber  of  small  terrestrial  mites, 
which  occnr  ou  the  moss  on  trees  and  stones.  Some  species  are  known 
to  feed  ou  the  eggs  of  insects,  aud  the  one  shown  in  the  aecompauying 
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flgnre,  Nothriu  ovitorm  has  been  observed  by  Dr.  Packard  to  eat  the 
eggs  of  tlie  Canker  Worm, 

The  members  of  the  family  Gamasidfe  are  parasitic  upon  animals, 
but  chiefly  upon  insects.    Tlie  Hydracbnidse  are  parasitic  also  upon  tbe 
aquatic  insects,  and  also  afTect  fish  or  mussels  or 
occur  on  fresb-water  plants. 

One  of  tlie  most  important  families  of  mit«s  is 
tbe  Trombidiidiee  which  includes  a  large  number 
of  8{>ecie9,  some  of  which  occur  in  immense  num- 
bers. Most  of  them  are  vegetable  feeders,  but 
some  species  feed  on  tbe  eggs  of  iusects. 

The  genns  Trombidium  includes  a  number  of  ^ 
the  Bed  Mites  wliicb  feed  on  insects  in  all  tbeir  ^ 
stages.  The  Locust  Mite,  Trombidium  locustarum  I 
Riley,  is  one  of  the  most  interesting  as  well  as  one  J 
of  tbe  most  importantof  onr  locust  enemies,  and  will  serve  to  illustrate  I 
the  habits  of  the  group.  It  differs  so  much  in  in&ncy  and  maturity  that  I 
it  has  been  referred  to  difierent  genera  and  is  known  under  different  | 
names.  The  mature  form  lives  on  the  ground  and  feeds  on  all  sorts  of  I 
miimal  or  decomposing  vegetable  matter,  and  wherever  the  ground  is  I 
tilled  with  locust  eggs  these  afford  an  abundance  of  food  and  the  mit«8  I 
flourish  and  multiply  rapidly,     lu  tbe  spring  tbe  female  lays  300  or  400  I 


le  dot  wltblu  tbe  cicclv ;  c.  t 

minnto  spherical  orange-red  eggs  in  the  ground  (Fig.  136a],  From 
these  eggs,  as  shown  enlarged  at  c,  rf,  and  e  (the  two  latter  being  the 
vacated  egg  shells)  emerge  the  six-legged  larva  shown  at  6.  These  are 
mere  specks  and  crawl  actively  about,  fastening  themselves  to  the 
locusts  mostly  at  the  base  of  the  wings  or  along  the  upper  veins. 
They  subsist  on  the  juices  of  tbeir  host.  They  firmly  attach  themselves 
by  the  moath  and  increase  rapidly  iu  size,  the  legs  not  growing  and 
becoming  mere  rudiments.  In  this  form  they  are  shown  at  Fig.  IZla. 
When  flilly  developed  they  let  go  their  hold,  drop  to  the  ground,  and 


i 
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crawl  uuder  tlie  slieltor  aftbnled  by  boles  in  the  enrtli  or  iiiuler  sticka. 
Here,  iu  the  course  of  two  or  three  weeks,  they  transform  within  tlie 


;»>. 


Fin.  137 .—TfOTiMdium  locuilaniu 
papa;  e,  malo  mdult  when  fiiHt  froi 
f,  palpal  claw  and  Ibumb;  /,  [lodal 


Aj  liAVfl  the  wiug  af  a 


arrnl  skiu  to  the  pupal  stage  shown  at  b,  aud  cveutiially  break  through 
the  old  larval  akiu  and  escape  in  the  form  shown  at  c  and  d.  This 
'nature  form  paitses  the  winter  in  the  ground  and  is  active  whenever 
the  temperature  is  a  few  degrees  above  the  freezing  point.  A  larger 
si)ecie8  T.  giganteum  Riley,  also  attacks 
locusts,  while  a  third  species  atta<!ks  the 
-ommon  Hoase-fly.  This  was  formerly 
^iiown  in  the  larva  state  only  and  was 
'■eferred  to  the  genus  Astoma,  to  which 
also  the  larval  form  of  Trombidium  was 
referred.  I  have  described  the  adult 
together  with  the  larva  and  jtupa  as 
Trombidium  mmcarum.  Au  allied  mite, 
Bydrachna  bclostoma,  attacks  the  large 
aquatic  water  bug,  Belostonia,  and  has  a 
mode  of  development  preciBely  similar 
to  that  of  Trombidium. 

To  this  family  also  belong  the  common 
greenhouse  mite,  Tetranych%i8  telarius, 
and  also  the  Bryobia  mit«,  B.  pratensis, 
which  of  late  years  has  attracted  very 
considerable  attention  by  its  appearance 
in  immense  numbers  about  dwelliogs, 
coming  &om  the  adjoining  fields  of 
clover  or  grass.  Generically  allied  to  the 
greeuhouse  mite  is  the  Sis-spotted  Mite 
of  the  Orange  ( T.  G-mactiUitm  Kiley),  which  is  shown  in  the  accom- 
panying fignre. 
2564 9 


IQ.  13B.  —  TbB  Sll-epottfd  Mile  of  (ho 
Orange  (rclronyeAu*  C-mniBJalui) ;  «. 
from  above — enWged;  j^  tanna;  c,  roft- 
Iruni  and  iialpiu — alill  more  enUrged; 
rf,  lip  of  palpus— itill  more  enlargwl. 
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Spiders  and  mites  thus  collected  may  be  transferred  to  alcohol.  Dr. 
Marx,  who  has  had  a  very  considerable  experience  in  the  preservation 
of  spiders,  recommends  the  use  of  the  following  mixture:  Glycerin 
and  Wickersheim's  fluid,  1 J  ounces  of  each,  and  distilled  water  3  ounces, 
the  whole  to  be  shaken  and  thoroughly  mixed  and  added  to  30  ounces 
of  95  per  cent  alcohol.  Alcohol  which  has  previously  been  used  for  pre- 
serving spiders,  and  which  has  therefore  dissolved  some  of  the  fatty 
matters  from  the  specimens,  he  prefers  to  pure  alcohol,  using  with  this, 
however,  somewhat  less  of  the  distilled  water.  The  liquid  thus  com- 
posed answers  all  demands  and  keeps  the  specimens  flexible  and  pre- 
serves their  coloring.  Should  the  stopi>er  become  loose  and  the  liquid 
evaporate,  there  is  always  sufficient  liquid,  water  or  glycerine,  left  in 
the  vial  to  keep  the  specimens  from  drying  and  thus  save  them  from 
destruction.  Dr.  Marx  also  prefers  to  use  cork  stoppers  i*atlier  than  the 
rubber  stoppers  recommended  for  other  alcoholic  material.  His  objec- 
tion to  the  rubber  stopper  is  that,  in  a  collection  in  which  the  specimens 
are  often  used  and  the  stoppers  are  frequently  removed,  he  finds  that 
small  particles  of  the  rubber  stopper  vome  off  and  settle  upon  the  speci- 
mens as  a  white  dust,  which  it  is  difticult  to  remove.  This  objection 
applies  only  to  a  poor  quality  of  rubber,  and  in  all  other  respects  the 
rubber  is  much  to  be  preferred.  The  colors  of  spiders  are  apt  to  fade 
somewhat  if  exposed  to  light,  and  the  collection  should  therefore  be 
kept  in  closed  boxes  or  in  the  dark. 

COLLECTINa  MYRIAPODA. 

Centipedes  and  Millipedes  are  collected  in  the  same  manner  as 
spiders.  They  live  in  damp  places,  under  sticks  and  stones,  and  in 
decaying  vegetation.  They  should  be  i)reserved  in  alcohol,  and  on 
account  of  their  usually  strong  chitinous  covering,  precautions  as  to 
the  strength  of  the  alcohol  are  less  necessary  here  than  with  softer- 
bodied  specimens. 

The  members  of  this  subclass  comprise  a  number  of  well-marked 
groups.  The,Iulid»  are  cylindrical  insects  and  occur  in  moist  pUices, 
as  do  most  of  the  representatives  of  this  subclass.    A  common  form 

is  represented  in  tlieaQcompanjing 
figure.    The  Chiliopodje  comprise 
the  flattened  forms  having  many- 
'■'■''^^^IvK^^mf^'^'''''' r       '    jointed  antenna?  and  but  a  single 

Fio.  139.-A  MiUiped  ^Cav^i^  annulata).  P^l^  of  limbS  tO   Cach   SCgmCUt  Of 

the  body,  and  are  the  forms  to 
which  the  name  centipede  may  properly  be  applied.  They  are  preda- 
ceous  in  habit,  live  largely  on  living  animal  matter,  and  are  very  quick 
in  their  movements.  Some  forms  are  poisonous,  having  poison  glands 
at  the  base  of  the  first  pair  of  legs,  but  the  majority  of  the  species  are 
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entirely  barmless.  A  number  of  common  species  belong  to  the  genus 
(xeophiluR  and  occur  under  stones  and  logs.  The  genus  Scolopendra 
includes  some  of  the  larger  species  of  the  order.  The  largest  known 
species,  8.  gigantea^  occurs  in' the  East  Indies  and  attains  a  length  of 
from  9  iuches  to  more  than  a  foot.  Several  species  found  within  the 
limits  of  the  United  States  attain  a  length  of  5  inches  or  more.  The 
family  CermatiidaB  includes  the  very  common  species  Cermatia  for- 
cep8y  which,  while  abundant  in  the  South  and  West,  occurs  somewhat 
more  rarely  in  the  North.  It  is  commonly  found  in  moist  situations,  in 
houses  or  conservatories,  and  on  account  of  its  long  legs  and  agile 
movements  frequently  creates  considerable  consternation.  It  is,  how- 
ever, an  entirely  harmless  and  very  beneficial  species,  since  it  feeds  on 
various  household  pests,  including  flies,  roaches,  etc. 

TEXT  BOOKS— ENTOMOLOGICAL  WORKS. 

Bulletin  No.  19  of  the  Division  of  Entomology,  U.  S.  Department  of 
Agriculture,  contains  an  enumeration  of  the  publislied  synoposes,  cata- 
logues, and  lists  of  North  American  insects,  together  with  other  infor- 
mation intended  to  assist  the  student  of  American  entomology.    This 
can  be  had  upon  application,  and  I  would  refer  the  student  to  it  for 
specific  information  as  to  synopses,  catalogues,  and  lists.    I  have  deemed 
it  a«lvisable,  however,  to  include  here  an  enumeration  of  the  more  useful 
works  of  a  general  character;  a  list  of  the  entomological  periodicals, 
both  home  and  foreign ;  and  the  entomological  works  publis^jed  by  the 
different  departments  of  the  Government,  with  some  information  as  to 
how  and  of  whom  they  can  be  obtained.    Many  of  these  publications 
are  no  longer  to  be  had  except  as  they  may  be  picked  up  through  book- 
dealers;  but  the  titles  even  of  those  which  are  out  of  print  will  be  useful 
to  the  student  as  a  guide  to  what  he  should  find  in  every  good  library. 
Bequests  for  this  kind  of  information  are  constantly  received  at  the 
Department  of  Agriculture  and  at  the  National  Museum.    The  most 
nseftil  general  works  are  given  first,  and,  while  a  great  many  others  in 
foreign  languages  might  be  cited,  I  would  strongly  advise  the  beginner 
in  America  to  confine  himself  to  these,  and  especially  to  read  Harris's 
Insects  Injurious  to  Vegetation,  Kirby  &  Spence's  Introduction,  and 
Westwood's  Introduction.    This  last,  though  published   over  half  a 
century  ago,  is  still  one  of  the  most  useful  entomological  works  in  the 
English  language.    While  these  Introductions  will  be  of  great  ser\ice 
in  arranging  and  classitying  material  and  in  giving  a  knowledge  of  the 
relationships  of  species,  there  is  no  better  text-book  than  the  great  book 
of  nature,  which  is  always  ready  to  unfold  its  truths  to  every  earnest 
inquirer.    In  field  and  wood  alone  can  he  become  familiar  with  the 
insects  in  all  their  wondrous  life  habits,  instincts,  and  intelligence. 
There  alone  will  he  receive  the  fullest  inspiration  and  pleasure  in  his 
work  or  find  the  highest  reward  for  his  efforts. 
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COMPREHENSIVE   WORKS  MOST   USEFUL  FOR   THE    STUDY  OF  NORTH 

AMERICAN  INSECTS. 

H.  C.  C.  BURMEISTER.— Haudbucli  der  Entomolo^e.  Berlin,  1832-1855. 
5  vols. 

Manual  of  Entomology.^A  translation  of  the  above,  by  W.  E. 
Shuckard.    London,  1836. 

J.  O.  Westwood. — An  introduction  to  the  modem  classification  of  in- 
sects, founded  on  the  natural  habits  and  corresponding  organization 
of  the  different  families.    2  vols.    London,  1839-'40. 

Thomas  Say.— Complete  writings  on  the  Entomology  of  North  Amer- 
ica ;  edited  by  John  L.  Le  Conte.    New  York,  1859. 

H.  A.  Hagen. — Bibliotheca  Entomologica.  Die  Litteratur  iiber  das 
ganze  Gebiet  der  Entomologie  bis  zum  Jahre  1862.    Leipzig,  1862. 

A.  S.  Packard. — Guide  to  the  Study  of  Insects.  Henry  Holt  &  Co., 
Philadelphia  and  New  York.     (First  edition,  Salem,  1869.) 

Entomology  for  Begmners.    Henry  Holt  &  Co.,  New  Y'ork,  1888. 

The  Standard  Natural  History. — ^Edited  by  John  Stirling  Kings- 
ley.    S.  E.  Cassino  &  Co.,  Boston,  1884-'8o.' 

Volume  II  contains  the  insects^  which  are  treated  by  the  following  authors : 
Hymmoptera^  J.  H.  Corastock  and  L.  O.  Howard;  Coleoptera,  George 
Dimmock;  Lepidoptera,  H^y  Edwards  and  C.  H.  Femald;  Dipteray  S.  W. 
Winiston;  Orthopteraf  C.  V.  Riley;  HemipterayV,  R.  Uhler;  Xeuropi^a, 
A. 8.  Packard;  Arachnidaf  J. H. Emerton. 

J.  H.  CoMSTOCK. — An  Introduction  to  Entomology.    Published  by  the 

author.    Ithaca,  N.  Y.    2  parts.    Part  I,  1888. 
Alpheus  Hyatt  and  J.  M.  Arms. — Guides  for  Science  Teaching,  'So. 

III.    Insecta.    Bos.  Soc.  Nat.  Hist.    D.  C.  Heath  &  Co.,  Bo8ton,1890. 

GENERAL  WORKS  ON  CLASSIFICATION. 

HYMENOPTERA. 

E.  T.  Cresson. — Synopsis  of  the  Families  and  Genera  of  the  Hymenop- 
tera  of  America,  north  of  Mexico,  together  with  a  Catalogue  of  the 
described  Species  and  Bibliography.  Transactions  Am.  Entom. 
Society,  Supplementary  volume.    2  parts.    Philadelphia,  1887. 

COLEOPTERA. 

John  L.  Le  Conte  and  George  H.  Horn. — Classification  of  the 
Coleoptera  of  North  America.  Prepared  for  the  Smithsonian  In- 
stitution.   Washington,  Smithsonian  Institution,  1883. 

This  is  the  most  recent  and  the  only  complete  classification  of  North  Ameri- 
can Coleoptera.  It  contains  also  Appendix  ii,  a  **  list  of  bibliograph- 
ical references  to  memoirs,  in  which  more  or  less  complete  synopses  of 
the  families,  genera,  and  species  of  the  Coleoptera  of  the  United  States 
have  been  published/' 

J.  T.  Lacordaire. — Histoire  naturelle  des  Insectes.  Genera  des 
Col^optferes,  ou  exi)086  m^thodique  et  critique  de  tons  les  genres 
proposes  jusqu'ici  dans  cet  ordre  d'insectes.  [Completed  by  J. 
Ghapuis.]    Paris,  France,  1854-1876.    12  vols,  and  1  vol.  plates. 
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•William  Le  Baron. — Outlines  of  Entomology,  published  in  connec- 
tion with  the  author's  Annual  Reports  upon  injurious  insects. 
Part  first.  Including  the  Order  of  Coleoptera.  Fourth  Annual 
Report  on  the  Noxious  and  Beneficial  Insects  of  the  State  of  Illi- 
nois.   Sep.  Edit.     Springfield,  1874. 

LEPIDOPTERA. 

6.  A.  W.  Herbich-Schaeffer. — Sainmlung  neuer  oder  wenig  bekann- 
ter  aussereuropaischer  Schmetterlinge.  Vol.  i.  Regensburg,  1850- 
'58;  Vol.  n,Pt.  1,1869. 

Contains  a  classification  of  the  Lepidoptera,  which  forms  the  basis  of  our 
present  arrangement. 

John  G.  Morris. — Synopsis  of  the  described  Lepidoptera  of  North 
America.  Part  i.  Diurnal  and  Crepuscular  Lepidoptera.  Wash- 
ington, Smithsonian  Institution,  1862. 

Compiled  descriptions  of  the  North  American  Lepidoptera,  from  the  Rho- 
palocera  to  the  Bombycidae. 

H.  Strecker. — Lepidoptera,  Rhopaloceres  et  Heteroceres,  indigenous 
and  exotic;  with  descriptions  and  colored  illustrations.  Reading, 
Pa.,  1872-'77. 

Fifteen  parts  of  this  work  have  been  pubUshed  containing  figures  and  descrip- 
tions of  many  North  American  species. 

John  B.  Smith. — An  Introduction  to  a  Classification  of  the  IN^orth 
American  Lepidoptera.  <Bull.  Brookl.  Ent.  Soc.,  Vol.  vii,  1884, 
pp.  70-74  and  81-83. 

A  synopsis  Qf  the  families  of  Lepidoptera  based  on  Herrich-Schaefi'er's  classi- 
fication. 

Synopsis  of  the  Genera  of  the  North  American  Rhopalocera. 

<Bull.  Brookl.  Ent.  Soc.,  Vol.  vi,  1883,  pp.  37-45. 

E.  Doubled  AY  and  W.  C.  Hewitson. — The  genera  of  diurnal  Lepidop- 
tera, comprising  their  generic  characters,  a  notice  of  their  trans- 
formations, and  a  catalogue  of  the  species  of  each  genius;  illustrated, 
with  80  colored  plates  from  drawings  by  W.  C.  Hewitson.  2  vols., 
London,  1846-'52. 

This  work  was  completed  by  Westwood  after  the  death  of  Doubleday. 

8.  H.  ScuDDEE. — Butterflies:  Their  structures,  changes,  and  life-his- 
tories, with  special  reference  to  American  forms.  Being  an  appli- 
cation of  the  "  Doctrine  of  descent"  to  the  study  of  Butterflies,  with 
an  appendix  of  i)ractical  instructions.  321  pp.  and  201  text  figs. 
New  York,  Henry  Holt  &  Co.,  1881. 

The  Butterflies  of  the  Eastern  United  States  and  Canada 
with  special  reference  to  New  England.  3  vols.,  Cambridge, 
Mass.,  1889;  pp.  1958,  plates  59.  (Published  by  the  author.  Cost 
about  $75  for  3  vols.) 

*Out  of  print. 
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G.  H.  French. — The  Butterflies  of  the  Eastern  United  States.  For 
the  use  of  classes  in  Zoology  and  private  students.  Philadelphia, 
Lippincott  &  Co.,  1886. 

Gives  synopses  of  the  genera  and  species,  and  description  of  the  species. 

W.  H.  Edwards. — Butterflies  of  North  America.  Boston,  Houghton, 
Mifain  &  Co. 

Two  volumes  are  completed  and  the  third  is  in  course  of  publication. 

HEMIPTERA. 

Herbert  Osborn. — Classification  of  Heiniptera.  <Entomologica 
Amer.,  Vol.  i,  1885,  pp.  21-27. 

Short  characterization  of  the  whole  order,  with  tables  of  suborders  and 
families. 

Pediculi  and  Mallophaga  affecting  Man  and  the  Lower  Animals. 

Constituting  Bulletin  No.  7  of  the  Division  of  Entomology,  U.  S. 
Department  of  Agriculture.    Washington,  1891. 

P.  E.  Uhler. — List  of  Hemiptera  of  the  region  west  of  the  Mississippi 
River,  including  tliose  collected  during  the  Hayden  explorations  of 
1873.  <Bull.  U.  S.  Geolog.  and  Geogr.  Survey  of  the  Terr.,  Yol.  i, 
1875,  pp.  267-361,  PI.  xix-xxi. 

Report  upon  the  insects  collected  by  P.  R.  Uhler  during  the 

exploration  of  1875,  including  monographs  of  the  families  Cynid» 
and  Saldae,  and  the  Hemiptera  collected  by  A.  S.  Packard,  jr.,  M. 
D.  <U.  S.  Geolog.  and  Geogr.  Survey,  Bulletin,  Vol.  iii,  No.  2, 
1877,  pp.  355-475. 

TowNEND  Glover. — Report  of  the  Entomologist.  XReport  of  the 
Commissioner  of  Agriculture  for  the  year  1877,  pp.  17-46. 

A  popular  treatise  on  the  Homoptera,  with  iUustrations. 

A.  H.  Haliday. — An  Epitome  of  the  British  genera  in  the  Order 
Thysanoptera,  with  indications  of  a  few  of  the  species.  <Ento- 
mol.  Mag.,  Vol.  iii,  1836,  pp.  439-451. 

DIPTERA. 

H.  Loew  and  C.  R.  Osten-Sacken. — Monographs  of  the  Diptera  of 
North  America.  (Smithsonian  Miscellaneous  Collections.)  4  parts. 
Washington,  Smithsonian  Institution,  1862-'72. 

The  several  mouograiihs  will  he  found  euumerated  under  the  respective 
families. 

H.  LoEW. — Diptera  Americte  septentrionalis  indigena.  2  parts.  Ber- 
lin, 1861-'72.  (Originally  published  in  10  centuriae  in  the  BerUner 
Entomol.  Zeitschrift.) 

Descriptions  of  1,000  North  American  Diptera,  but  without  sjTioptic  arrange- 
ment. 

C.  R.  Osten-Sacken. — Western  Diptera:  Descriptions  of  new  genera 
and  species  of  Diptera  from  the  region  west  of  the  Mississippi  and 
especially  from  California.  <Bull.  U.  S.  Geolog.  and  Geogr.  Survey 
of  the  Territories,  Vol.  iii,  1877,  pp.  189-354. 
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F.  Bbauer. — Die  Zweifliigler  des  Kaiserlicben  Museums  zu  Wien. 
i-ni.    Wien,  1880-'83. 

Important  contributions  to  the  classification  of  tlie  Diptera. 

ORTHOPTKRA. 

Henri  de  Saussure  — Orthoptera  nova  Americana  (Diagnoses  praer- 
liminares).    Series  I-III.     <Eevue  et  Mag.  de  Zool.,  1859-'61. 

Contains  synoptical  tables  of  species,   besides  descriptions  of  numerous 
North  American  Orthoptera. 

Samtjel  H.  Scudder. — ^3Iaterials  for  a  monograph  of  the  North  Ameri- 
can Orthoptera.  <Boston  Journal  of  Nat.  Hist.,  \^ol.  vii,  1862, 
pp.  409-480. 

Contains  synoptical  tables  and  a  review  of  the  system  used  for  classification. 

^Remarks  upon  the  arrangement  of  the  families  of  Orthoptera. 

<Proc.  Boston  Soc.  Nat.  Hist.,  Vol.  xii,  1868-'60;  also  separate 
under  the  title:  Entomological  Notes,  Vol.  ii,  pp.  7-14. 
•Synoptical   tables   for   determining   North    American  insects. 


Orthoptera.     <P8yche,  Vol.  i,  1876,  pp.  169-171. 

Synopsis  of  families ;  also  list  of  useful  works  in  the  study  of  North  American 
Orthoptera. 


NEUROPTERA. 


Hermann  Hagen. — Synopsis  of  the  Neuroptera  of  North  America,  with 

a  hst  of  the  South  American  species.    Smithsonian  Miscellaneous 

Collections,  Washington,  1861. 
Synopsis  of  the  Odonata  of  America.     <Proc.  Boston  Soc.  Nat. 

Hist,  Vol.  XVIII,  1875,  pp.  20-96. 
8iR  John  Lubbock. — Monograph  of  the  Collembola  and  Thysanura. 

London,  Ray  Society,  1873. 

The  introduction  gives  the  fuU  bibliography  up  to  date. 

>nfRIAPOI)A. 

Thomas  Say. — Descriptions  of  the  Myriapoda  of  the  United  States. 
<Joum.  Ac.  Nat.  Sc.  Phil., Vol.  ii,  1821,  i)p.  102-114;  Say's  Entom. 
Writings,  ed.  Le  Conte,  Vol.  ii,  pp.  24-32. 

This  is  the  first  paper  of  importance  on  the  North  American  Myriapoda. 

George  Newport. — Monograph  of  the  class  Myriapoda,  Order  Chilo- 
poda.  <Tran8.  Liunean  Soc.  of  London,  Vol.  xix,  1845,  pi).  265- 
302  and  349-439. 

Horatio  C.  Wood,  Jr.— On  the  Chilopoda  of  North  America,  with 
Catalogue  of  all  the  si>ecimens  in  the  collection  of  the  Smithsonian 
Institution.  <Joum.  Ac.  Nat.  Sc.  Pliil.,  New  Ser.,  Vol.  v,  18C3, 
pp.  5-42. 

The  Myriapoda  of  North  America.     <Trans.  Amer.  Philos,  Soc, 

Vol.  xm,  1805,  pp.  137-248,  3  pi. 

This  is  the  first  and  only  nionograi)h  of  the  Myriapoda  i)ubli8hed  in  this 
country. 
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Robert  Latzel. — Die  M}Tiap(Klen  der  Oesterreicbiscli-Ungarischen 
Mouarcliie.  Erste  IlUlfte:  Die  CliiloiKxleii,  Wien,  1880.  Zweite 
Iliilfte:  Die  Symphylen,  PauroixKieu  uud  Diplopoden,  Wien,  1884. 

The  most  rocent  coiupreliensive  Avork  on  this  order,  audveryimportaut  from 
a  classilicatory  standpoint. 

Lu(^iEN  !M.  Underavood. — The  North  American  Myriapoda.  <Eiito- 
niol.  Amer.,  Vol.  i,  1885,  pp.  141-151. 

A  complete  l>ibliograi>hioal  review  of  the  subject,  with  tables  of  families  and 
genera. 

AUAtIIXII>A. 

N.  M.  Hentz. — Descriptions  and  fif;:ures  of  the  Araneides  of  the  United 
Stjites.     <Journ.  Boston  Soc.  Nat.  Hist.,  Vols.  iV-Vi,  1842-'50. 

These  papers  form  the  basis  of  the  study  of  American  aracbnology.  Numerous 
species  are  described,  but  not  in  synoptic  form. 

T.*  Thorell. — On  Eiiroinnm  Spiders.  Part  I.  Review  of  the  Euroi)eaii 
genera  of  Spiders.     Upsala,  1809-'7(). 

N.  M.  Hentz. — Araueie  Aniericie  septentrionalis.  The  Spiders  of  the 
United  States.  Edited  by  J.U.  Emerton  and  E.  Burgess.  <"  Oc- 
casional Papers  "  of  the  Boston  Society  of  Natural  History,  1875. 

A  reprint  of  Heutz's  papers  on  North  American  spiders. 

Graf  Eucjen  Kevserling.— *-Anierikanische  Spinnen  aus  den  Fami- 
lien  Pholcoidic,  Scytodoidie  nnd  Dysderoidie.  <Verh.  k.  k.  zool.- 
bot.  Ges.  in  Wien,  Vol.  xxvii,  1877,  pp.  205-2;54. 

Neiie  Spinnen  aus  Amerika.   (Six  parts.)     <Verh.  k.  k.  Zool.-bot. 

Ges.  in  Wien,  Vols,  xxix-xxxiv,  1879-'84. 

E.  Simon. — Les  Arachnides  de  France.    Paris,  Vols,  i-y,  1874-\S4. 

These  two  works  represent  the  most  recent  systems  of  classification,  and  are 
therefore  of  great  general  value,  although  they  deal  only  with  the  Euro- 
pean fauna. 

LuciBN  M.  Underwood. — The  Progress  of  Arachnology  in  America. 
<Anier.  Natur.,  Vol.  xxi,  1887,  pp.  1HJ3-975. 

A  very  useful  review  of  the  bibliography,  with  synoi>tic  t^ibleof  the  families 
of  the  Aranea'. 

AMERICAN   PERIODICALS. 

The  American  Naturalist.  A  monthly  journal  devoted  to  the 
natural  sciences  in  tlieir  Avidest  sense  (21^  volnnu^s  published  up  to 
date.    Now  ])ublishcd  at  Philadel]>hia). 

♦Annals  of  the  Lyceum  of  Natural  History  of  New  York  (8 
volumes,  1824-'(>7.  Continued  since  187G  as  Annals  of  the  New 
York  Academy  of  Sciences). 

♦Bulletin  of  the  Brooklyn  Entomological  Society  (7  volumes, 
1878-'8.">.    (VmtiniUMl  as  Entomologica  Americana). 

Bulletin  of  the  Buffalo  Society  of  Natural  History  (4  vol- 
umes c(miplctcd;  1874  to  ISS;^. 

Bulletins  of  the  United  States  (Geological  and  Geograph- 
ical Survey  of  the  Territories,  F.  V.  Hayden  in  charge  (De- 
])artment  of  the  Interior;  1875  to  1879. 

"  Pul»lieation  discontinued. 
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Bulletins  of  the  United  States  Geological  Survey,  J.  M. 
Powell,  dire<;tor;  beginning  with  1883. 

Bulletins  of  the  United  States  National  Museum  (Department 
of  the  Interior;  beginning  with  1875). 

The  Canadian  Entomologist.  (Published  by  the  Entomological 
Society  of  Ontario;  22  volumes  issued  up  to  the  end  of  1890.  Pub- 
lished at  London,  Ontario.) 

•Entomologica  Americana.  (Published  by  the  Brooklyn  Entomo- 
logical Society  at  Brooklyn,  N.  Y.    1885  to  1890.) 

Entomological  News  [and  Proceedings  of  the  Entomological  Section 
of  the  Academy  of  Natural  Sciences]  (Vol.  i  issued  in  1890.  Pub- 
lished at  Philadelphia). 

Journal  of  the  Academy  of  Natural  Sciences  of  Philadel- 
phia (commencing  with  1817). 

Memoirs  of  the  Boston  Society  of  Natural  History  (commenc- 
ing with  1866). 

♦North  American  Entomologist.  (Published  by  the  Buffalo  Society 
of  Natural  Sciences,  1  volume,  Buffalo,  N.  Y.    1879~'80.) 

♦Papilio.  Devoted  exclusively  to  Lepidoptera.  Organ  of  the  New 
York  Entomological  Club  (4  volumes,  1881-'84). 

Psyche.  Organ  of  the  Cambridge  Entomological  Club  (5  volumes 
issued  up  to  date.  Published  at  Cambridge,  Mass.  Publication 
begun  in  1874). 

Proceedings  of  the  Academy  of  Natural  Sciences  of  Phila- 
delphia (beginning  with  1841). 

Proceedings  of  the  A^vierican  Philosophical  Society  of  Phil- 
adelphia (beginning  with  1800). 

Proceedings  of  the  Boston  Society  of  Natural  History  (com- 
mencing  with  1841). 

•Proceedings  of  the  Entomological  Society  of  Philadelphia 
(6  volumes,  18Gl-'67). 

Proceedings  of  the  Entomological  Society  of  Washington  (2 
volumes,  beginning  with  1884). 

Proceedings  of  the  United  States  National  Museum  (Depart- 
ment of  the  Interior;  beginning  with  1878). 

Reports  of  the  United  States  Geological  and  Geographical 
Survey  of  the  Territories  (Department  of  the  Interior;  be- 
ginning with  1867). 

Smithsonian  Miscellaneous  Collections  (Smithsonian  Institution, 
Washington,  J).  C;  begiuning  1802). 

Transactions  of  the  Academy  of  Science  of  St.  Loins  (4  volumes 
hitherto  published). 

Transactions  of  the  American  Entomological  Society  and  Pro- 
ceedings of  the  Entomological  Seeticm  of  the  Academy  of  Natural 
Sciences  (beginning  with  18G8;  published  at  Philadelphia). 


^-i^ 
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Teansactions  op  the  American  Philosophical  Society  of  Phil- 
adelphia (2d  series  beginning  with  1818). 
Papers  on  entomology  are  also  published  occasionally  in  other  Amer- 
ican periodicals,  among  which  the  following  might  be  mentioned: 
Journal  of  the  Elisha  Mitchell  Scientific  Society.    Chapel 

Hill,  N.  C. 
Journal  of  the  New  York  Microscopical  Society. 
Naturaliste  Oanadien.    Edited  by  Abb6  Provancher,  Cap  Rouge, 

Quebec. 
Proceedings  of  the  California  Academy  of  Sciences,  San 
Francisco,  Cal. 

foreign  periodicals. 

Annales  de  la  Soci^te  entomologique  de  Belgique.    Pubhca- 

tibn  begun  in  1857.    Brussels. 
Annales  de  la  Soci6t6  entomologique  de  France.    Publication 

begun  in  1832.    Paris. 
♦Berliner  entomologische    Zeitschrift.    18  volumes,  Berlin, 

1857-1874, 

Succeeded  by  the  Deutsche  Entomologische  Zeitung. 

Bulletin  de  la  Sooi6t6  entomologique  de  France. 

Bulletin  de  la  Soci6t6  entomologique  Suisse.    (See  Mittheil  d. 
Schweiz.  Eutom.  Gesell.) 

BuLLETiNO  DELLA  SocietI  entomologica  Italiana.     Florence. 
(Publication  commenced  in  1869.) 

Deutsche  Entomologische  Zeitschrift.    Published  by  the  Ento- 
mological Society  of  Berlin.    (Publication  begun  in  1875.) 

Entomologische  Nachrichten.  (Now  edited  by  Dr.  F.  Karsch.  Ber- 
lin.   Publication  commenced  in  1875.) 

Entomologisk  Tidskrift,  pa  foranstaltande  af  Entomologiski 
Foreningen  I  Stockholm.    (Commenced  with  1880.) 

♦Entomologische  Zeitung.  IIerausgegeben von  dem entomol- 
ogischen  Verein  zu  Stettin.    36  volumes.    Stettin.    1840-'75. 

Entomologiske  Meddelelser  udgivne  of  Entomologisk  Foeb 
NING.     Edited  by  Fr.  Meinert,  Coi)euhagen  (beginning  with  1887). 

The  Entomologist.    A  popular  monthly  journal  of  British  ento- 
mology.   Vol.  1, 1840-'42.    (Publication  resumed  in  1864.    London.) 

♦The  Entomologist's  Annual.    Edited  by  H.  T.  Stainton.  London. 
(Publication  begun  in  1855;  22  vols,  published  up  to  1876.) 

Entomologist's  Monthly  Magazine.  London  (beginning  with  1864). 

Horae  .  .  .  Variis  sermonibiis  rossire  usitatis.    Societas  Entomologica 
Eossica.     (Publication  begun  in  1861.) 

•LiNNiEA    Entomologica.     IIerausgegeben   vom   BNTOMOLoai- 
SCHEN  Yebeine  ZU  Stettin  (16  volumcs,  Berlin,  1846-'66). 
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MiTTHEILUNGEN    DER    SCHWEIZERISCHEN    ENTOMOLOGISCHBN    GB- 

sellscha:ft.   liulletin  de  la  Soci^t^  entomologique  Suisse.    (Publi- 
cation begun  at  Schaffhausen,  Switz.,  in  1862.     Afterward  pub- 
lished at  Geneva.) 
Revue  d'Bntomologie.    (Published  by  the  Soci6t6  Fran§aise  d'En- 
tomologie,  Caen,  France.    Publication  begun  in  1882.) 

TlXDSCHRIFT    VOOR    ENTOMOLOGIE.      NEDERLANDSCHE    ENTOMOLO- 

gische  Vereeniging,  Leiden,  Holland  (beginning  with  1857. 

Published  by  the  Dutch  Entomological  Society). 
Transactions  of  the  Entomological  Society  of  London.  (Begun 

in  1834.) 
♦Wiener  entomologische   Monatsschrift  (8  volumes,  Vienna, 

1857-'64). 
Wiener  entomologische  Zeitung.    Vienna.    (Commenced  1882.) 
•Zeitschrift  fur  die  Entomologie.    Edited  by  E.  F.  Germar  (5 

volumes.    Leipzig,  1839-'44). 
Zeitschrift  fur  Entomologie.     Verein  fur  schlesische  In- 

SECKTEN-KuNDE  zu  Breslau.    (Publication  begun  at  Breslau  in 

1847). 
Zeitschrift  fur  wissenschaftliche  Zoologie.   Leipzig.   (Begun 

in  1848). 
A  large  number  of  other  periodicals  devoted  to  entomology  have  been 
issued,  principally  in  Europe,  but  after  continuing  for  a  year  or  more 
their  publication  has  been  abandoned,  and  they  are  not  included  here. 
Important  entomological  papers  haye  also  been  published  in  many 
serials  devoted  to  zoology  or  the  natural  sciences  generally.  Among 
them  may  be  mentioned  the  following: 
Annals  and  Magazine  of  Natural  IIistory.    London  (beginning 

with  1838). 
Abchiv  FtJR  !Naturgeschichte.    Berlin  (beginning  with  1835). 
Ofversigt  af  Kongl.  SvenskaVetenskaps  Ac  ademiens  Forh  and- 

lingar  (beginning  with  1844.    Published  at  Stockholm). 

Proceedings  of  the  Royal  Swedish  Academy  of  Sciences. 

Pboceedings  of  the  Zoological  Society  of  London. 
Revue  et  magasin  de  zoologie  pure  et  appliqu6e.  Paris  (begin- 
ning with  1839). 

SiTZUNGSBERICHTE     DER     MATHEMATISCH  -  NATURWISSENSCHAFTLI- 
CHEN    CLASSE    DER    KAISERLICHEN    ACADEMIE     DER    WlSSEN- 

8CHAFTEN  ZU  WiEN  (beginning  with  1848). 
Tbjinsactions  of  the  Linnean  Society  of  London  (beginning  with 

1791). 
Transactions  and  Proceedings  of  the  New  Zealand  Institute. 

WeUington,  New  Zealand. 

^ERHANDLUNGEN  DER  ZOOLOGISCH-BOTANISCHEN  GeSELLSCHAFT  IN 

WiEN  (beginning  with  1852). 
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LIST  OP  MORE  USEFUL  WORKS  ON  ECONOMIC  ENTOMOLOGY. 

T.  W.  Harris,  Insects  Injurious  to  Vegetation.  (Flint  edition.)  New 
York,  Orange  Judd  Co.   $4  or  $6.    (First  editioi),  Cambridge,  1841.) 

t  Asa  Fitch,  Reports  of  the  State  Entomologist  of  New  York,  i-xrv, 
Albany,  1855-'70.  (For  a  full  account  of  these,  see  First  Annual 
Report,  by  J.  A.  Lintner,  State  Entomologist  of  New  York,  pp. 
294-297.) 

*  The  Practical  Entomologist.   Vols,  i  and  ii.    Published  by  the  Ento- 

mological Society  of  Philadelphia,  1865-'67. 

*  The  American  Entomologist,  edited  by  B.  D.  Walsh  and  C.  V.  Riley. 

Vol.  I.    St.  Louis,  Mo.,  1808.     (Out  of  print.) 

*  Tlie  American  Entomologist  and  Botanist,  edited  by  C.  V.  Riley  and 

Dr.  George  Vasey.    Vol.  ii.     St.  Louis,  Mo.,  1870. 

*  The  American  Entomologist,  edited  by  C.  V.  Riley.    Vol.  iii.     [Sec- 

ond series.  Vol.  i.]     New  York,  Hub  Publishing  Co.,  1880. 
t  B.  D.  Walsh,  Annual  Report  on  the  Noxious  Insects  of  the  State  of 

Illinois.    Chicago,  Prairie  Farmer  Co.,  1868. 
t  C.  V.  Riley,  Reports  of  the  State  Entomologist  of  Missouri,    i-ix^ 

Jefferson  City,  18G9-'77. 
t  William  Lb  Baeon,  Reports  of  the  State  Entomologist  of  Illinois. 

i-iv,  Springfield,  1871-74. 
t  Cyrus  Thomas,  Reports  of  the  State  Entomologist  of  Illinois,    i-vi, 

Springfield,  187a-'81. 
J.  A.  LiNTNEE,  Reports  of  the  State  Entomologist  of  New  York.    Albany 

(beginning  with  1882). 
S.  A.  Forbes,  Reports  of  the  State  Entomologist  of  Illinois.     Spring- 
field (beginning  with  1883). 
Miscellaneous  Essays  on  Economic  Entomology.    Springfield, 

111.,  1886.     (Published  instead  of  Annual  Report.) 
Mary  Treat,  Injurious  Insects  of  the  Farm  and  Garden.    New  York, 

Orange  Judd  Co.,   1882.     (A  small  work  compiled  from  Riley's 

reports.) 
William  Saunders,  Insects  Injurious  to  Fruits.    Philadelphia,  J.  B. 

Lippincott  &  Co.,  1883. 
Matthew  Cooke,  Injurious  Insects  of  the  Orchard,  Vineyard,  etc. 

Sacramento,  1883.     (8vo.,  pp.  472.) 
P.  J.  Van  Beneden,  Animal  Parasites  and  Messmates.    New  York, 

D.  Appleton  &  Co.,  187().     International  Scientific  Series. 
t  Reports  of  the  Entomologists  of  the  IT.  S.  Department  of  Agriculture, 

T.  Glover  (1863-1878),  J.  H.  Comstock  (1879-1880),  and  C.V.  Riley 

(1878-1879,  18S0  to  date).t 


*  Publication  discontinued.  t  Out  of  print. 

tTbe  annual  reports  of  the  Entomologist  are  contained  in  the  corresponding  annual 
reports  of  the  Department  of  Agriculture.  A  limited  author's  edition,  separately 
bound,  and  with  table  of  contents  and  index,  is  published  each  year. 
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BuUetms  of  the  Division  of  Entomology  of  the  U.  S.  Department  of 
Agriculture,  C.  V.  Riley,  Entomologist  (1883  to  date). 

Reports  and  Bulletins  of  the  U.  S.  Entomological  Commission. 

John  Curtis,  Farm  Insects.    London,  Blackie  &  Son,  1860. 

Eleanor  A.  Ormerod,  Manual  of  Injurious  Insects,  and  Metbods  of 
Prevention,  etc.  London  and  Edinburgh,  1881.  (A  small  work, 
costing  about  $1.50.) 

• ^Reports  of  Observations  of  Injurious  Insects  and  Common  Farm 

Pests,  with  Methods  of  Prevention  and  Remedy.  London.  Simp- 
kin,  Marshall,  Hamilton,  Kent  &  Co.,  limited.  (Fourteen  reports 
issaed  up  to  1891.) 

J.  fl.  Kaltenbach. — ^Die  Pflanzenfeinde  aus  der  Classe  der  Insekten. 
8vo.  Stuttgart,  1874.  (A  useful  work  for  determining  what  in- 
sects infest  plants  in  Europe.) 

Insect  Life.  Periodical  Bulletin. — Devoted  to  the  economy  and  the 
life-habits  of  insects,  especially  in  their  relations  to  agriculture. 
Edited  by  C.  V.  Riley,  entomologist,  and  L.  O.  Howard,  first  as- 
sistant, with  the  assistance  of  other  members  of  the  divisional  force. 
(Pabhcation  begun  in  1888.) 

E.  L.  Taschenberg. — Praktische  Insekten-Kunde.  Parts  i-v.  Bre- 
men, 1879. 

Felice  Franceschini. — Gli  Insetti  Nocivi.    Milan,  1891. 

J.  T.  0.  Ratzeburg. — Die  Waldverderbniss,  oder  dauemder  Schade, 
welcher  durch  Insektenfrass,  Schalen,  Schlagen,  und  Yerbeissen 
anlebenden  Waldbaumen  entsteht.    Two  parts.    BerUn,  1866-'68. 

entomological  works  published  by  the  united  states  entomo- 
logical commission  and  by  the  united  states  department 
op  agriculture. 

UNITED  STATES  ENTOMOLOGICAL  COMMISSION. 

(Members  of  the  Commission:  C.  V.  Riley,  A.  8.  Packard,  jr.,  and  Cyms  lliomas.) 

•Bulletin  '^o.  1. — ^Destruction  of  the  young  or  unfledged  Locusts 
(Galaptenus  spretm).    (1877.)    fpp.  15.] 

Bulletin  No.  2. — On  the  Natural  History  of  the  Rocky  Mountain 
Locust  and  on  the  habits  of  the  young  or  unfledged  insects  as  they 
occur  in  the  more  fertile  country  in  which  they  will  hatch  the 
present  year.    (1877.)    [pp.  14,  figs.  10.] 

Bulletin  No.  3.— The  Cotton  Worm.  Summary  of  its  Natural  His- 
tory, with  an  Account  of  its  Enemies,  and  the  best  Means  of  con- 
trolling it;  being  a  Report  of  Progress  of  the  Work  of  the  Com- 
mission. By  Chas.  V.  Riley,  M.  A.,  Ph.  D.  (1880.)  [pp.  144,  figs. 
84,  plates  1.] 

Bulletin  No.  4.— The  Hessian  Fly.  Its  Ravages,  Habits,  Enemies, 
and  Means  of  preventing  its  Increase.    By  A.  S.  Packard,  jr.,  M.  D. 

(1880.)    [pp.  43,  figs.  1,  plates  2.,  maps  1.] 

'All  of  these  bulletins  and  reports,  with  the  exception  of  the  fifth  report,  are  out 
or  print. 
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Bulletin  No.  5. — The  Chinch  Bug.  Its  History,  Characters,  and 
Habits,  and  the  Means  of  destroying  it  or  counteractering  its  In- 
juries.   By  Cyrus  Thomas,  Ph.  D.    (1879.)    [pp.  44,  figs.  10,  maps  Lj 

Bulletin  No.  6. — General  Index  and  Supplement  to  the  nine  Reports 
on  the  Insects  of  Missouri.  By  Charles  V.  Riley,  M.  A.,  Ph.  D. 
(1881.)     [pp.  177.] 

Bulletin  No.  7. — Insects  injurious  to  Forest  and  Shade  Trees.  By 
A.  S.  Packard,  jr.,  M.  D.     (1881.)     [pp.  275,  figs.  100.] 

First  Annual  Report  for  the  year  1877,  relating  to  the  Rocky  Mountain 
Locust  and  the  best  Methods  of  preventing  its  Injuries  and  of 
guarding  against  its  Invasions,  in  pursuance  of  an  Appropriation 
made  by  Congress  for  this  purpose.  With  maps  and  illustrations. 
(1878.)     [pp.  477  +  294,  figs.  Ill,  plates  5,  maps  1.] 

Second  Report  for  the  years  1878  and  1879,  relating  to  the  Rocky  Moun- 
tain Locust  and  the  Western  Cricket,  and  treating  of  the  best 
Means  of  subduing  the  Locust  in  its  permanent  Breeding  grounds, 
with  a  view  of  preventing  its  Migrations  into  the  more  fertile 
Portions  of  the  trans-Mississippi  country,  in  pursuance  of  Appro- 
priations made  by  Congress  lor  this  purpose.  With  Maps  and  11 
lustrations.    (1880.)   [pp.  xviii+ 322-1-22,  figs.  10,  plates  17,  maps  7.] 

Third  Report  relating  to  the  Rocky  Mountain  Locust,  the  Western 
Cricket,  the  Army  Worm,  Canker  Worms,  and  the  Hessian  Fly: 
together  with  Descriptions  of  Larvae  of  injurious  Forest  Insects, 
Studies  on  the  embryological  Development  of  the  Locust  and  of 
other  Insects,  and  on  the  systematic  Position  of  the  Orthoptera  in 
Relation  to  other  Orders  of  Insects.  With  Maps  and  Illustrations. 
(1883.)     [pp.  XVIII -4-347+91,  figs.  14,  plates  64,  maps  3.] 

Fourth  Report,  being  a  revised  Edition  of  Bulletin  No.  3,  and  the  Final 
Report  on  the  Cotton  Worm  and  Bollworm.  By  Charles  Y.  Riley, 
Ph.  D.    (18S5.)    [pp.  XXXVIII 4-399+147,  figs.  45,  plates  C4,  maps  2.) 

Fifth  Report,  being  a  revised  jind  enlarged  edition  of  Bulletin  No.  7, 
on  Insects  Injurious  to  Forest  and  Shade  Trees.  By  Alplieus  S. 
Packard,  M.  D.,  Ph.  D.,  with  woodcuts  and  40  plates.  (1890  (1). 
Small  edition;  only  a  few  for  general  distribution. 

BULLETINS    OP    THE    DIVISION  OF  ENTOMOLOGY,   U.   S.  DEPAETME^JT 
OP   AGEICULTURE,  UNPER  DIRECTION  OF  C.  V.  RILEY,  ENTOMOL 
OGIST. 

*No.  1. — Reports  of  Experiments,  chiefly  with  Kerosene,  upon  the  In- 
sects injuriously  affecting  the  Orange  Tree  and  the  Cotton  Plant, 
made  under  the  Direction  of  the  Entomologist.     (1883.)     [pp.  02.] 

*No.  2. — Reports  of  Observations  on  the  Rocky  Mountain  Locust  and 
Chinch  Bug,  together  with  Extracts  from  the  Correspondence  of 
the  Division  on  Miscellaneous  Insects.    (1883.)    [pp.  36.] 

*  Out  of  print. 
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•No.  3. — Beports  of  Observations  and  Experiments  in  the  practical 
Work  of  the  Division,  made  nnder  the  Direction  of  the  Entomlogist. 
With  plates.    (1883.)     [pp.  75,  plates  IIL] 

No,  4. — ^Reports  of  Observations  and  Experiments  in  the  practical  Work 
of  the  Division,  made  nnder  the  Direction  of  the  Entomologist,  to- 
gether with  Extracts  from  Correspondence  on  miscellaneons  In- 
sects.    (1884.)     [pp.  102,  figs.  4.J 

•No.  6. — Descriptions  of  North  American  Chalcididae  from  the  Collec- 
tions of  the  U.  S.  Department  of  Agricnlture  and  of  Dr.  C.  V.  Riley, 
vrith  biological  Notes.  [First  paper.]  Together  with  a  list  of  the 
described  North  American  species  of  the  family.  By  L.  O.  Howard, 
M.  Sc,  Assistant,  Bureau  of  Entomology.    (1885.)    [pp.  47.] 

•No.  6. — ^The  imported  Elm-leaf  Beetle.  Its  Habits  and  Natural  His- 
tory, and  Means  of  counteracting  its  Injuries.  (1885.)  [pp.  18,  figs. 
1,  plates  I.] 

No.  7. — The  Pediculi  and  Mallophaga  aff*ecting  Man  and  the  lower  An- 
imals.   By  Prof  Herbert  Osborn.    (1891.)     [pp.  54,  figs.  42.] 

•No.  8. — ^The  Periodical  Cicada.  An  account  of  Cicada  septendedm  and 
its  tredicim  race,  with  a  chronology  of  all  of  the  broods  known. 
By  Charles  V.  Riley,  Ph.  D.    (1885.)     [pp.  46,  figs.  8.) 

5^0.  9. — The  Mulberry  Silk-worm;  being  a  Manual  of  Instructions  in 
Silk  culture.  By  Charles  Y.  Riley,  M.  A.,  Ph.  D.  (1886.)  [pp.65, 
figs.  29,  plates  II.] 

No.  10. — Our  Shade  Trees  and  their  Insect  Defoliators.  Being  a  con- 
sideration of  the  four  most  injurious  species  which  affect  the  trees 
of  the  capital,  with  means  of  destroying  them.  By  Charles  V. 
Riley,  Entomologist.    (1887.)    [pp.  75,  figs.  27.] 

•No.  11. — Reports  of  Experiments  with  various  Insecticide  Substances, 
chiefly  upon  Insects  affecting  garden  Crops,  made  under  the  Direc- 
tion ^f  the  Entomologist.     (1886.)     [pp.  34.] 

•No.  12. — Miscellaneous  Notes  on  the  work  of  the  Division  of  Entomology 
for  the  Season  of  1885;  prepared  by  the  Entomologist.  (1886.)  [pp. 
45,  plates  I.] 

•No.  13. — ^Reports  of  Observations  and  Experiments  in  the  practical 
Work  of  the  Division,  made  under  the  Direction  of  the  Entomolo- 
gist.    (With  illustrations.)     (1887.)     [pp.  78,  figs.  4.] 

No.  14, — Reports  of  Observations  and  Experiments  in  the  practical 
Work  of  the  Division,  made  under  the  Direction  of  the  Entomolo- 
gist.   (1887.)    [pp.  62,  figs.  2,  plates  I.] 

No.  15. — ^The  Icerya,  or  Fluted  Scale,  otherwise  known  as  the  Cottony 
Cushion-scale.  (Reprint  of  some  recent  Articles  by  the  Entomolo- 
gist and  of  a  Report  from  the  Agricultural  Experiment  Station, 
University  of  CaUfornia.)    (1887.)     [pp.  40.] 

No.  16. — The  Entomological  Writings  of  Dr.  Alpheus  Spring  Packard. 
By  Samuel  Henshaw.     (1887.)     [pp.  49.] 

*  Out  of  print. 
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•iN'o.  17. — The  Chinch  Bug:  A  general  Summary  of  its  History,  Habits^ 
Enemies,  and  of  the  Eemedies  and  I^reventives  to  be  used  against 
it.  By  L.  O.  Howard  M.  S.,  Assistant  Entomologist.  (1888.)  [pp. 
48,  figs.  10.] 

•No.  18.-r-The  Life  and  Entomological  Work  of  the  late  Townend 
Glover,  first  Entomologist  of  the  United  States  Department  of 
Agriculture.  Prepared  under  the  Direction  of  the  Entomologist, 
by  C.  E.  Dodge.    (1888.)     [pp.  ^,  figs.  6,  plates  I.] 

No.  19. — An  enumeration  of  the  published  Synopses,  Catalogues,  and 
Lists  of  North  American  Insects;  together  with  other  information 
intended  to  assist  the  student  of  American  Entomology.  (1888.) 
[pp.  77.] 

•No.  20. — The  Root  Knot  Disease  of  the  Peach,  Orange,  and  other  Plants 
in  Florida,  due  to  the  Work  of  Anguillula.  Prepared  under  the 
Dkectionof  the  Entomologist,  by  J.  C.  Neal,  Ph.  D.,  M.  D.  (1889.) 
[pp.  31,  plates  21.] 

•No.  21. — Report  of  a  Trip  to  Australia,  made  under  the  Direction  of - 
the  Entomologist  to  investigate  the  Natural  Enemies  of  the  Fluted 
Scale,  by  Albert  Koebele.    (1890.)    [pp.  32,  figs.  16.] 

No.  22. — Reports  of  the  Observations  and  Experiments  in  the  practical 
Work  of  the  Division,  made  under  the  Direction  of  the  Entomolo- 
gist.    (1890.)     [pp.  110.] 

No.  23. — ^Reports  of  Observations  and  Experiments  in  the  practical 
Work  of  the  Division,  made  under  the  Direction  of  the  Entomolo- 
gist.   (1891.)    [pp.  83.] 

No.  24. — The  Boll  Worm.  Preliminary  Report,  made  under  the  Direc- 
tion of  the  Entomologist.    By  F.  W.  MaUy.    (1891.)     [pp.  50.] 

No.  25. — Destructive  Locusts.  A  popular  consideration  of  a  few  of  the 
more  injurious  Locusts  or  "  Grasshoppers  ^  of  the  United  States, 
together  with  the  best  means  of  destroying  them.  By  C.  V.  Riley, 
Ph.  D.    (1891.)     fpp.  62,  figs.  11,  plates  12.] 

tNo.  26. — Reports  of  Observations  and  Experiments  in  the  practical 
Work  of  the  Division,  made  under  the  Direction  of  the  Entomolo- 
gist.   (1892.) 

tNo.  27. — ^Reports  on  the  Damage  by  destructive  Locusts  during  the 
season  of  1891,  made  under  the  Direction  of  the  Entomologist. 
(1892.)     [pp.  64.] 

tNo.  28. — The  more  destructive  Locusts  of  America,  north  of  Mexico, 
by  Lawrence  Bruner,  prepared  under  Direction  of  the  Entomolo- 
gist.    (1892.) 

SPECIAL  REPORTS  AND  BULLETINS. 

•  Report  on  Cotton  Insects. — By  J.  Henry  Comstock.  (1879.)  [pp. 
511,  figs.  77,  plates  III.] 

•  Out  of  print. 

t  Bulletins  26  and  27  are  in  press,  and  Bulletin  28  is  in  course  of  preparation. 
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tSPECLAX  Report,  No.  11. — ^The  Silkworm;  being  a  brief  Manual  of 
Instructions  for  the  Production  of  Silk.  Prepared,  by  direction  of 
the  Commissioner  of  Agriculture,  by  C.  V.  Riley,  M.  A.,  Ph.  D., 
Entomologist.     (First  ed.,  1879;  fifth  ed.,  1885.)     [pp.  37,  figs.  8.] 

*  Special  Report,  No.  35. — Report  on  Insects  injurious  to  Sugar  Cane. 

Prepared,  under  Direction  of  the  Commissioner  of  Agriculture,  by 
J.  Henry  Comstock,  Entomologist.    (1881.)    [pp.  11,  figs.  3.] 

*  Division  of  Entomology. — Insects  Affecting  the  Orange. — 

Report  on  the  Insects  affecting  the  Culture  of  the  Orange  and  other 
plants  of  the  Citrus  Family,  with  practical  Suggestions  for  tlieir 
Control  or  Extermination.  By  H.  G.  Hubbard.  (1885.)  [pp.  x+227, 
figs.  95,  plates  XIV.] 

*  Special  Report. — Catalogue  of  the  Exhibit  of  Economic  Entomology 

at  the  World's  Industrial  and  Cotton  Centennial  Exposition,  l^ew 
Orleans,  1884-'85.    (1888.)    [pp.  95.] 

Spbclax  Bulletin. — The  Horn  Fly  (HsBmatobia  serrata),  being  an 
account  of  its  Life-history  and  the  means  to  be  used  against  it. 
By  C.  V.  Riley  and  L.  O.  Howard.  (Reprinted  from  Insect  Life, 
Vol.  II,  No.  4,  October  1889.)    (1889.)    [pp.  11,  figs.  5.] 

Bibliography  of  the  more  important  Contributions  to  Amer- 
ican Economic  Entomology.  By  Samuel  Henshaw.  Parts  I, 
H,  and  III.  The  more  important  writings  of  Benjamin  Dann 
Walsh  and  Charles  Valentine  Eiley,  Washington,  1890. 

HOW   TO    OBTAENT   ENTOMOLOGICAL  BOOKS    AND 

PAMPHLETS. 

Comparatively  few  of  the  works  treating  of  the  classification  of  North 
American  insects  have  been  published  as  separate  books;  but  such  as 
have  been  so  published,  if  of  comparatively  recent  date,  can  be  obtained 
through  the  regular  book  trade.  By  far  the  greater  number  of  the 
monographs  and  synopses  mentioned  in  the  preceding  pages  have 
been  published  in  scientific  periodicals  and  in  the  proceedings  or 
transactions  of  scientific  societies.  These  may  be  obtained  either 
through  the  societies  or  through  the  publishers;  but  single  volumes  of 
transactions  or  proceedings,  and  more  especially  single  papers,  are 
seldom  sold,  and  the  older  volumes  are  liable  to  be  out  of  print.  More- 
over, the  expense  attending  the  purchase  of  all  of  the  periodicals  con- 
taining the  publications  on  a  given  order  of  insects  will  be  so  great  as 
to  put  them  beyond  the  reach  of  most  entomologists.  The  custom  of 
placing  at  the  disposal  of  authors  a  number  of  separate  copies  of  their 
papers  overcomes  this  difficulty  to  some  extent  and  creates  a  small  sup- 
ply. Thus  it  often  happens  that  a  person  interested  can  obtain  a  copy 
of  a  scientific  pajier  by  addressing  the  author  personally.    Many  of 

•Out  of  print. 

tBoll.  No.  9  of  the  Division  of  Entomology- covers  this  subject. 
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these  separate  copies  also  fall  into  the  possession  of  dealers  in  second- 
hand books,  and  may  be  purchased  from  them.  The  American  Ento- 
mological Society  of  Philadelphia,  and  also  a  few  other  societies  here 
and  in  Europe,  offer  for  sale  from  their  duplicates  many  of  these  authors' 
extras,  and  in  some  cases  publish  lists.  There  are,  moreover,  certain 
business  establishments  which  make  a  specialty  of  the  sale  of  works 
and  pamphlets  on  natural  history,  including  entomology,  and  it  is  chiefly 
tlnough  such  establishments  that  the  student  is  enabled  to  secure  the 
larger  portion  of  tlie  works  needed. 

By  subscribing  to  the  entomological  periodicals  published  in  this 
country  (a  matter  of  but  slight  expense)  the  student  may  keep  abreast 
of  the  current  literature.  Short  book  reviews  or  notes  publislied  therein 
call  attention  to  the  more  important  publications  in  other  countries. 
Moreover,  the  Zoologischer  Anzeiger,  edited  by  Prof.  J.  Victor  Cams, 
in  Leipzig,  Germany,  and  published  every  fortnight,  gives  a  tolerably 
complete  bibliography  of  the  current  entomological  literature  at  inter- 
vals of  about  six  or  eight  weeks.  The  ^'  Naturae  Novitates,"  published 
every  fortnight  by  R.  Friedlaender  &  Sohn,  Carlstrasse,  11,  Berlin,  Ger- 
many, gives  the  titles  of  most  recent  works  and  pamphlets. 

There  are  also  three  great  annual  publications,  viz :  ''  Die  Fortschritte 
auf  dem  Gebiet  der  Entomologie,"  published  in  Wiegmann's  "Archiv 
fiir  Xaturgeschichte;^  "The  Zoological  Record,''  published  by  the 
Zoological  Record  Society,  in  London,  England;  and  the  ''Zoologische 
Jahresberichte,"  published  by  the  Zoological  Station  at  Naples,  Italy, 
which  give  the  full  literature  of  the  previous  year,  discussing  the  more 
important  papers  and  giving  a  list  of  the  new  species,  besides  other 
information.  These  three  publications  are  almost  indispensable  to  the 
student  in  any  branch  of  zoology,  and  some  one  of  them  at  least  ought 
to  be  found  in  every  public  library  in  the  country.  The  volumes  of  the 
"Zoologische  Jahresberichte"  since  1887  contain  no  titles  upon  sys- 
tematic and  classificatory  zoology,  but  only  such  as  refer  to  biology. 

A  not  inconsiderable  portion  of  the  North  American  literature  on  the 
classification  of  insects  has  been  published  by  the  Government  of  the 
United  States  through  various  channels,  foremost  among  which  are  the 
Smithsonian  Institution,  the  U.  S.  Department  of  Agriculture,  the  U. 
S.  National  Museum,  the  U.  S.  Geological  and  Geographical  Survey,  and 
the  various  surveys  of  the  Territories.  Some  of  these  publications  are 
distributed  free  of  cost;  while  others,  like  certain  of  the  publications  of 
the  Smithsonian  Institution  and  the  Geological  Survey,  are  sold  at  a 
moderate  price  to  cover  the  cost  of  publication.  Many  of  them  are  out 
of  print,  and  can  only  be  obtained  through  natural  history  book-dealers. 

Of  the  more  general  works,  some  may  be  obtained  direct  from  the 
publishers,  and  in  such  cases  the  publishers  are  mentioned  in  the 
general  list.  The  older  works  are  mostly  out  of  print  and  can  only  be 
obtained  from  second-hand  dealers.  The  current  State  reports  of  Lint- 
ner  and  Forbes  may  be  obtained  from  the  secretaries  of  the  respective 
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State  agricultural  societies  at  Albany,  N.  Y.,  and  Springfield,  111., 
while  the  bulletins  and  reports  of  tbe  entomologists  of  the  various  State 
experiment  stations,  of  which  a  large  number  are  being  published, 
may  be  obtained  from  the  directors  of  the  respective  stations.  The 
older  reports  of  the  State  entomologist  of  Missouri  and  the  State  ento- 
mologists of  Illinois  (Walsh,  Le  Baron,  and  Thomas)  are  all  out  of  print 
and  can  only  be  obtained  by  purchase  from  second-hand  dealers.  The 
same  may  be  said  of  the  well-known  and  oft-quoted  reports  of  Dr.  Fitch, 
whicli  were  published  with  the  old  volumes  of  the  Transactions  of  the 
New  York  State  Agricultural  Society. 
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INSTRUCTIONS  FOR  COLLECTING  MOLLUSKS,  AND  OTHER  USEFUL  HINTS  FOR 

THE  CONCHOLOGIST. 

BY 

Wm.  H.  Dall, 

Honorary  Curator  Department  of  Afoilusks,  U.  S.  National  Museum. 

INTRODUCTORY. 

Invertebrates  of  the  moUascan  type  are  foand  in  all  parts  of  the 
world  and  in  nearly  every  sitaation*  The  highest  moantains,  the 
widest  prairies,  the  least  accessible  oceanic  islets,  and  even  the  desert 
of  Sahara  and  the  frosty  moss  of  Arctic  tundras,  afford  specimens  of 
mollusks  on  careful  and  intelligent  search. 

For  the  purposes  of  the  collector  the  group  may  be  divided  into 
three  classes,  including,  respectively,  land,  fresh-water,  and  marine 
species.  Each  of  these  classes  requires  special  treatment  and  will  be 
discussed  separately.  Every  land  area  which  borders  on  the  sea  and 
contains  permanent  bodies  of  fresh  water  will  be  found  to  support 
representatives  of  each  class.  Geologically,  each  goes  back  to  a  remote 
antiquity. 

LAND  SHELLS. 

From  the  standpoint  of  the  collector  this  class  includes  gastropods 
both  of  the  pulmonate  and  gill-bearing  types,  forms  which  are  united 
in  the  amphibious  Siphonaria^  which  possesses  both  gills  and  a  true 
hmg.  They  may  be  limpet-shaped  or  spiral;  operculate  or  inoperculate; 
shell-bearing  or  naked;  herbivorous  or  carnivorous. 

HABITAT   AND.  STATION. 

They  are  found  at  all  elevations,  from  the  beaches  moist  with  sea 
spray  to  the  alpine  heights  of  14,000  feet  in  the  vicinity  of  perpetual 
snow.  Some,  like  Testacellaj  are  subterranean  in  their  habits,  pursu- 
ing earthworms  through  their  burrows  and  never  visiting  the  light  of 
day;  or  nestling  in  the  cancellated  recesses  of  bones  in  ancient  grave- 
yards {Amcuin)  where  they  browse  on  fungoid  mycelium.  Others  are 
contented  with  the  protection  afforded  by  dead  leaves,  decaying  logs, 
under  the  bark  starting  from  rotting  stumps,  or  in  the  shelter  of  loose 
stones  and  bowlders.    Other  groups  live  on  the  leaves  of  sedges,  grass, 

and  shrubbery,  retreating  to  the  soil  for  winter  quarters;  while  in  the 
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lofty  tree  tops  of  tropical  forests  still  others  live  permanently,  never 
visiting  the  ground,  and,  in  their  airy  domicile,  exhibit  colors  almost 
as  varied  and  brilliant  as  the  arboreal  flowers  which  surround  them- 
In  arid  regions  some  seek  the  shade  of  stones  or  attach  themselves  to 
the  stems  of  cacti  or  other  desert  plants,  while  others  again  adhere  to 
the  sunburnt  surfaces  of  rocks  so  hot  as  to  be  uncomfortable  to  the 
touch,  on  which  their  white  or  rusty  shells  stand  out  conspicuously.  It 
has  been  generally  noted  that  the  color  of  the  shell  bears  a  certain  rela- 
tion to  its  favorite  station,  the  arboreal  forms  presenting  the  brightest 
and  most  varied  colors;  the  moss  lovers  and  terrestrial  species  being 
usually  dull,  horny,  or  greenish,  though  often  with  a  brilliant,  polished, 
or  dehcately  sculptured  surface;  while  subterranean  foniis  are  usually 
pale  or  pellucid.  The  slugs  are  usually  nocturnal  in  their  habits, 
retreating  to  holes  and  crevices  at  dawn;  the  cultivator,  whose  succu- 
lent vegetables  they  destroy,  seeing  his  harvest  ravaged  without  a  vis- 
ible enemy.  On  one  of  the  Florida  keys,  built  of  the  debris  of  coral, 
and  as  full  of  holes  and  crevices  as  a  siwnge,  a  settler  raising  early 
tomatoes  for  the  Xew  York  market  found  to  his  dismay  as  the  fruit 
began  to  ripen  that  every  red  one  was  immediately  eviscerated,  leaving 
nothing  but  the  skin.  There  were  no  birds,  worms,  or  mice  to  do  such 
damage,  which  was  not  occasional  but  general  over  his  whole  farm. 
Finding  nothing  by  day  he  took  to  scrutiny  by  night  and  was  rewarded 
by  the  discovery  of  myriads  of  slugs  which  proceeded  from  the  inter- 
stices of  the  coral  and  devoured  every  ripe- fruit.  The  plague  admitted 
of  no  remedy,  the  enemy  was  too  numerous,  and  the  unfortunate  culti- 
vator was  obliged  to  abandon  his  undertaking  and  go  into  bankruptcy, 
ruined  by  Veronicella. 

In  general,  limestone  regions  are  most  favorable  for  land  shells  and 
those  of  flinty  rock  least  advantageous.  Woods  of  coniferous  or  resin- 
ous trees  are  unsuited  to  their  tastes,  while  those  of  deciduous  soft 
wooded  nature  offer  a  congenial  home  for  the  moUusks.  Certain  pun- 
gent herbs,  especially  crucifer®,  are  said  to  be  obnoxious  to  slugs. 
Gkirdeners  in  Europe  are  said  to  protect  their  lettuce  beds  by  a  hedge 
of  mustard  or  pepper  grass.  Nettles,  on  the  other  hand,  are  a  favorite 
haunt  of  certain  small  land  shells.  Dry  coal  ashes,  alkaline  wood  ashes 
wet  or  dry,  sand  and  lime  in  a  pure  state,  are  more  or  less  effectual  in 
repelling  the  slugs,  which  they  irritate  mechanically.  It  is  probable  as 
far  as  the  smaller  species  are  concerned  that  the  unfavorable  nature  of 
resinous  trees  is  due  more  to  the  fact  that  they  decay  less  easily  and 
afford  a  less  favorable  nidus  for  fungi  upon  which  the  snails  feed  than 
to  any  direct  influence  of  the  resin  upon  the  mollusks.  Salt  is  inimical 
to  most  of  the  Helicidw,  but  the  Auricnlidoe  or  many  of  them,  Trtcji- 
catella  and  Polygyra^  seem  to  prefer  the  vicinity  of  the  sea. 

Spring  is  the  most  active  season  for  snails  as  for  most  animals,  they 
attain  their  fiillest  development  toward  midsummer,  and  as  winter  ap- 
proaches they  penetrate  the  ground  or  in  warm  regions  attach  them- 
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selves  to  the  bark  of  trees  or  to  stones  for  a  period  of  hibernation. 
They  close  tlie  aperture  of  the  shell  with  a  leathery  secretion,  some- 
tinies  strengthened  by  more  or  less  limy  matter,  or  if  naked  raay  snr- 
round  themselves  with  it  like  a  cocoon.  This  temporary  defense, 
common  to  most  of  tl{e  inoperculate  forms,  is  called  the  epii)hragm, 
and,  in  the  many  whorltd  species,  there  are  often  several  of  these  par- 
titions between  the  retracted  animal  and  the  aperture  of  its  shell.  In 
the  arboreal  Balimi  the  secretioo  is  often  of  great  strength,  and  the 
collector  who  finds  them  fastened  to  trees  and  attempts  to  pull  them 
off  will  often  see  the  shell  or  the  bark  break  before  the  epipbragm  will 
give  way.  In  such  cases  it  is  better  to  cut  ofif  a  thin  slice  of  the  bark 
with  the  adherent  shell.  On  an  immersion  in  warm  water  the  mollusk 
will  awake  and  soon  release  itself  in  the  natural  way.  It  is  the  habit 
of  many  snails  on  waking  &om  their  hibernation  to  make  their  first  re- 
past on  their  own  eplphragm.  The  period  of  attachment  is  often 
marked  by  a  band  of  color  in  harmony  with  the  lines  of  growth,  not 
elsewhere  repeated  on  the  shell,  and  nsually  bluish  or  dark  brown. 
This  indicates  the  formation  of  a  special  secretion  at  such  times.  The 
life  ol  most  land  shells  is  probably  short,  a  m^ority  probably  do  not 
Uve  more  than  a  year  or  two,  though,  under  suitable  conditions,  there 
would  seem  to  be  no  reason  why  this  period  should  nob  be  much  pro- 
longed. The  species  of  arid  regions  become  accustomed  to  long  periods 
of  enforced  hibernation  and  are  the  longest  lived.  Instances  are  known 
of  their  surviving  four  or  five  years  without  food  in  this  state,  and  it  is 
a  common  thing  for  them  to  survive  transportation  through  long  sea 
voyages  to  distant  coantries.  These  facts  have  an  important  bearing 
on  their  distribation.  There  would  seem  to  be  no  doubt  that  in  some 
cases  the  ancestors  of  a  land  shell  fknna  have  reached  oceanic  islets  by 
drifting  on  vegetation  dislodged  by  fireshets  and  carried  out  to  sea, 
especially  in  the  warmer  regions. 

COLLECTINO    OUTFIT. 

The  collector  of  land  shells  needs  only  a  very  simple  and  inexpensive 
oatflt.  For  most  purposes,  in  temperate  and  northern  regions,  the 
things  needed  may  be  easily  carried  in  one's  pocket.  First  in  point  of 
osefidnesBisapairofspringforceps,  which  should  have  a  delicate  spring 
requiring  no  sensible  exertion  to  make  the  points  meet.  The  points 
themselves  should  he  slender  and  the  file  cutting  on  their  inner  sides 
xhould  not  be  coarse.  These  forceps,  which  any  surgical  instrument 
maker  should  furnish  at  a  cost  of  $1  or  less,  are  indispensable  in  col- 
lecting the  more  minute  forms,  for  whi<;h  the  fingers  are  far  too  clumsy. 
After  a  little  practice  the  most  minute  Vertigo  or  Hyalinia  may  be 
picked  up  mttront  injury,  though  the  beginner  is  apt  to  crush  a  goo<lly 
number  before  he  learns  the  necessary  delicacy  of  manipulation.  The 
forceps  come  into  play  almast  as  much  in  separating  the  day's  ( 
tions  as  in  making  them ;  in  fact,  after  a  little,  one  feels  lost  wi 
them. 
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Two  or  three  stout  homeopathic  vials,  with  good  long  corks,  may  be 
put  in  the  vest  pocket.  A  thread  may  be  put  through  the  top  of  the 
cork  and  tied  to  the  neck  of  the  vial,  thus  obviating  the  necessity  for 
hunting  a  dropped  cork  in  the  underbrush,  or  a  few  spare  corks  may 
be  carried.  Either  method  is  preferable  to  delay  and  possible  loss  of 
temper  when  collecting  is  good. 

A  couple  of  wide-mouthed  two-ounce  bottles,  with  strong  corks,  will 
serve  for  somewhat  larger  species,  while  for  snails  of  the  size  of  Helix 
alboJabris  wooden  i)ill  boxes,  or  small  tin  boxes,  such  as  mustard  or 
yeast  powder  is  put  up  in,  will  be  found  convenient.  A  little  cotton 
or  moss  should  be  put  in  the  bottom  of  the  box  before  it  is  used  for  shells. 

If  it  is  desired  to  study  the  living  animals  the  vials  or  boxes  into 
which  the  si)ecimens  are  dropped  should  be  dry  and  clean,  but  for  ordi- 
nary collecting  it  will  be  found  more  convenient  to  have  the  vials  for 
small  species  half  flUed  with  alcohol  diluted  with  one  third  its  volume 
of  water.  This  alcohol  abstracts  the  moisture  from  the  soft  parts,  so 
that  they  may  be  dried  afterward  without  making  an  offensive  odor, 
and  prevents  the  snails  from  adhering  to  each  other  and  to  the  glass, 
which  otherwise  they  are  very  apt  to  do,  when  it  is  difficult  to  separate 
them  or  get  them  out  of  the  vial  unbroken.  The  larger  species  do  not 
need  this  precaution  and  may  be  treated  later,  at  home.  For  collecting 
the  minute  Pupidw  and  similar  species  a  small  net  is  very  convenient. 
This  should  be  made  of  stout  (say  J  inch)  steel  or  brass  wire, 
circular,  with  a  projection  fitted  to  screw  into  a  socket  fastened 
to  a  stout  cane  or  stick.  The  frame  may  be  permantly  fastened  to 
the  stick  if  preferred  and  should  be  10  or  12  inches  in  diameter. 
The  net  may  be  made  of  brown  linen  or  cheese  cloth  in  the  form  of  a 
cone  sewed  over  the  frame  at  its  base,  and  should  be  twice  as  long  as 
the  diameter  of  the  frame.  The  coarse  grass  and  high  sedges  of  moist 
places,  on  which  the  little  moUusks  love  to  creep  up,  may  be  beaten 
with  the  net,  into  which  they  fall,  and  afterward  the  net  turned  inside 
out  over  a  newspaper,  the  larger  rubbish  rejected  and  the  remainder 
shaken  into  a  box  to  be  examined  at  leisure.  The  moist  leaves  which 
collect  on  the  ground  where  meadow  and  woodland  meet  may  be  put 
into  a  sack,  taken  home,  dried,  well  shaken,  and  the  dirt  collected  from 
them  when  picked  over  will  often  afford  large  numbers  of  the  minute 
species  in  which  the  collector  delights.  Loose  moss  from  favorable 
localities  may  be  treated  in  the  same  way  and  will  often  well  repay 
the  trouble. 

Over  most  of  the  United  States  no  fuither  equipment  is  necessary  for 
collecting  land  shells,  but  if  the  collector  is  in  a  particularly  rich  field 
where  the  larger  species  abound  it  may  be  convenient  for  him  to  take 
a  garden  trowel  for  digging  in  the  soft  earth  under  fallen  logs,  and  a 
miniature  pick  with  one  end  hatchet- shaped,  such  as  are  used  for  trim- 
ming ice  bj^  housekeepers.  The  latter  he  will  find  convenient  in  prying 
off  the  bark  from  stumps  and  fallen  logs,  the  surface  of  which,  as  well 
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as  that  of  the  log  itself,  should  be  closely  scrutiuized  as  a  favorite 
retreat  of  Hyalinia^  Pupa,  Vertigo,  aud  other  small  species.  With  good 
eyes  no  hand  lens  should  be  necessary,  but  occasionally  a  collector  will 
find  it  of  use,  and  one  of  the  cheap  triplets  with  rubber  frames,  if  care- 
fully selected,  will  be  found  quite  as  efficient  as  the  expensive  achro- 
matic lenses  mounted  in  German  silver  which  the  optician  is  so  prone 
to  recommend. 

LOCALITIES  FAVORABLE   FOR   COLLECTING. 

The  margins  of  brooks  and  ponds,  the  under  surface  of  old  weather- 
worn bits  of  board,  leather  or  bones  such  as  every  pasture  affords,  the 
earth  around  rotten  stumps  and  under  fallen  logs  or  flat  stones,  the 
moist  moss  near  rocks  and  especially  under  overhanging  ledges,  or  in 
marshes,  and  in  general  all  cool,  moist  places  where  decaying,  not 
resinous,  vegetation  may  afford  food  and  shelter  for  his  prey,  will  be 
found  worth  searching  by  the  collector.  The  fine  debris  left  bj'  freshets 
along  the  borders  of  streams  will  often  yield  many  small  land  shells  in 
good  condition  if  carefully  searched.  In  the  tropics  Morelet  has  observed 
that  land  mollusks  are  more  or  less  nocturnal.  During  the  day  it  is 
necessary  to  seek  them  in  their  retreats  under  stones,  logs,  dead  leaves, 
or  in  the  crevices  of  rocks,  unless  the  atmosphere  is  moist  enough  to 
induce  them  to  remainabroad.  Duringthe  heatof  theday  theimbricated 
leaves  of  aloes  or  agaves  often  hide  snails  which  protect  themselves 
thus  from  the  sun.  One  may  even  set  traps  in  the  form  of  fagots,  flat 
stones,  pieces  of  wood  or  logs,  especially  in  meadows  or  prairies,  where 
the  snails  will  take  refuge  during  the  heated  hours  of  the  day.  Some 
mollusks  have  peculiar  habits,  as  in  the  case  of  a  little  Algerian  helix, 
which,  during  the  day,  buries  itself  in  the  loose  sand  to  a  depth  of  several 
inches,  or  until  it  reaches  a  moist  stratum.  Some  forms,  like  Strophia 
in  the  Antilles,  seem  to  enjoy  places  where  they  are  exposed  to  the  full 
glare  of  the  sun.  These  usually  have  heavy  whitish  shells.  •  There  are, 
however,  no  rules  so  absolute  in  such  matters  as  to  be  without  excep- 
tion. Certain  little  snails  live  permanently  on  the  dry,  harsh  leaves  of 
palms  and  palmettos  or  the  hispid  stalks  of  tall  ferns.  In  general,  what- 
ever the  soil,  hilly  or  mountainous  regions  are  the  most  prohflc  in  snail 
life  unless  too  arid,  but  a  certain  number  seem  to  prefer  the  salty  moist 
air  of  the  borders  of  the  sea  and  these  seldom  hibernate.  The  meadows 
should  not  be  absolutely  neglected,  especially  in  the  rainy  season. 
Many  small  Bulimi  prefer  to  reside  there  and  may  be  found  on  the 
stalks  of  coarse  grasses,  often  in  multitudes.  Forests  are  more  prolific, 
especially  in  clearings  and  places  where  the  light  may  penetrate.  When 
the  trees  stand  in  marshy  places  or  are  subject  to  overflow,  mollusks 
are  less  numerous,  but  multiply  where  the  soil  is  more  or  less  broken 
by  masses  of  rock.  They  are  more  abundant  in  broken  and  irregular 
woods  than  when  the  trees  extend  uniformly  over  level  ground.  In 
many  regions  magnificently  colored  snails  live  in  the  tree  tops,  where 
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they  are  only  accessible  by  climbing  or  cutting  down  the  trees.  It  is 
said  that  Gaining,  the  celebrated  collector  in  the  Philippine  Islands, 
maintained  a  corps  of  several  hundred  natives  constantly  occupied  in 
cutting  down  trees  for  the  purpose  of  obtaining  the  fine  HelicicUey  for 
which  the  forests  of  that  region  are  renowned. 

EGGS. 

Most  terrestrial  moUusks  lay  eggs  which  are  covered  with  a  pellucid 
membrane,  a  white  and  leathery  or  even  a  solid  calcareous  shell,  like 
that  of  a  tortoise  egg.  These  eggs  may  be  found  in  the  haunts  of  the 
mollusks  themselves,  most  commonly  in  cool,  moist  places.  Those  of 
American  Helicidw  are  usually  white,  translucent,  and  associated  to 
gether,  though  not  deposited  in  a  mass.  BuUmus  lays  eggs  that  usual  ly 
have  a  calcareous  shell.  The  B.  ovatus  of  the  Antilles  has  an  eggshell 
half  an  inch  in  length,  in  which  the  young  mollusk  develoi)s,  emergin^j 
with  several  whorls  of  its  spire  completely  formed  and  differing  from 
the  adult  only  in  size.  The  amphibious  Amptdlaria  lays  its  eggs  on  the 
the  stalks  of  plants  growing  in  marshy  places,  to  which  they  adhere  by 
an  abundant  secretion  of  a  partly  calcareous  nature,  which,  when  dry, 
forms  a  brittle  animal  cement.  In  Stenogyra  the  eggs  may  be  seen 
through  the  translucent  shell  and  apparently  are  only  discharged  when 
ready  to  hatch.  They  are  so  nearly  the  fiill  size  of  the  caliber  of  the 
whorl,  that  it  is  astonishing  how  they  can,  together  with  the  soft  parts, 
be  contained  in  it.  The  oviposition  and  biography  of  reproduction  in 
many  species  are  entirely  unknown.  By  careful  and  patient  observa- 
tion the  collector  has  it  in  his  power  to  add  largely  to  the  sum  of  our 
knowledge  in  this  particular. 

ENEMIES  OF  LAND  SHELLS. 

As  it  is  often  advantageous  for  the  collector  to  know  the  enemies  of 
the  objects  of  his  search,  a  word  or  two  on  that  point  may  be  in  place 
here.  The  chief  enemies  of  land  mollusks  are  birds  and  small  mam- 
mals, mice,  shrews,  etc.  In  North  America  the  birds  seem  to  pay  less 
attention  to  snails  and  slugs  than  do  their  analogues  in  Europe.  Still 
the  thrushes,  blackbirds,  and  some  water  birds  make  use  of  tliem  for 
food.  A  singular  sausage-shaped  parasite,  of  which  one  end  is  atten- 
uated into  a  slender  tube,  is  found  in  Succinea.  The  soft  parts  of  snails 
thus  affected  are  much  distorted.  The  parasite  is  one  phase  of  a  Dis- 
toma  or  fluke- worm,  and  is  of  a  dark  brown  color  and  over  an  inch  in 
length.  It  is  known  as  Lencochloridium  amerlvanum  Dall.  An  analo- 
gous species  has  been  described  from  French  Succineas,  which  is  of  a 
mottled  green.  This  parasite  attains  its  development  in  the  intestines 
of  thrushes  which  teed  on  the  Succinea^  and  may  perhaps  be  fatal  to 
these  birds.  Smaller  Distomas  are  found  in  certain  species  of  iiwi/Mrfl, 
and  develop  into  the  liver-fluke,  so  fatal  to  sheep.  The  mollusks  are 
eaten,  with  the  grass  upon  which  they  rest,  by  the  sheep,  which  also 
eat  in  the  same  way  large  numbers  of  Helices  in  Britain,  and  are  said 
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to  fatten  upon  them.  In  America  we  have  no  species  of  snail  which 
lives  in  such  numbers  among  the  herbage  as  do  the  British  forms 
alluded  to.  Birds  usually  destroy  the  shells  of  the  snails  upon  which 
they  feed,  and  so  are  injurious  to  collectors.  But  GlandinUj  a  carnivo- 
rous snail  common  in  the  Southern  States,  swallows  the  smaller  Helices 
whole  and  digests  the  soft  parts  at  leisure,  as  the  walrus  does  with  sea 
snails.  As  many  as  a  dozen  specimens  of  Polygyra  have  been  extracted 
from  the  gullet  of  a  single  Olandina.  Many  of  the  snails  of  the  type 
of  Zonites  are  carnivorous,  and  the  collector  must  beware  of  put- 
ting species  he  would  keep  alive  into  a  box  or  fernery  with  such  forms 
as  Selenites  concava.  The  latter  will  make  short  work  of  them,  extend- 
ing its  slender  body  far  into  the  whorls  of  its  defenseless  prey  and  eat- 
ing them,  all  alive,  voraciously.  A  single  Selenites  will  clean  out  a 
dozen  Helices  of  its  own  size  in  a  single  night.  A  Floridian  bird  of 
prey,  the  everglade  kite  (Rostrhamm  sociahilis)^  is  said  to  have  a  special 
fondness  for  Ampullaria,  and  the  curve  of  its  beak  and  the  formation 
of  its  claws  are  specially  adapted  for  preying  upon  them  and  extracting 
the  body  of  the  snail  from  behind  its  protecting  operculum.  Certain 
millipedes  of  the  genus  Julm  are  often  found  feasting  upon  slugs  and 
snails,  but  whether  they  attack  specimens  in  good  health  is  not  posi- 
tively determined. 

The  treatment  of  specimens  collected,  including  methods  of  cleaning 
and  preservation  of  the  soft  parts,  will  be  discussed  later. 

FRESH-WATER  SPECIES. 

The  molluscan  fauna  of  firesh  waters  includes  both  Gastropods  and 
Pelecypods.  All  regions  having  permanent  bodies  of  fresh  water, 
whether  lakes,  ponds,  rivers,  brooks,  or  even  springs,  present  a  certain 
number  of  species,  which,  however,  varies  greatly  with  the  more  or 
less  favorable  nature  of  the  environment. 

HABITAT  AND  STATION. 

As  lime  forms  the  chief  component  in  shell,  waters  containing  an 
abundant  supply  of  tliis  mineral  are  more  favorable  for  the  multiplication 
of  shell-bearing  animals  than  those  which  contain  but  little  lime.  As 
the  development  of  molluscan  embryos  is  more  rapid  and  effective  in 
warm  than  in  cold  water,  a  temperate  or  warm  climate  favors  the  mul- 
tiplication of  individuals.  The  character  of  the  bottom  influences  the 
welfare  of  mollusks;  a  coarse  crystalline  gravel,  more  or  less  disturbed 
by  a  rapid  current,  is  distinctly  less  adapted  to  them  than  softer  and 
less  gritty  sands,  mud,  or  even  solid  rock,  over  which  the  water  flows 
more  gently.  The  food  supply  is,  of  course,  of  great  importan(!e  and 
the  presence  of  algae  or  other  plants  m  abundance,  by  promoting  the 
maltiplication  of  the  microscopic  organisms  upon  which  many  mollusks 
feed,  is  indirectly  advantageous  to  those  species  which  may  not  feed  on 
the  plants  themselves. 
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"Hie  presence  of  carbonic  acid  (carbon  dioxide)  released  by  the  decay  of 
vegetation  and  taken  up  by  the  water  is  not  only  unfavorable  to  moUos- 
can  life  directly  when  present  in  quantity,  but  indirectly,  by  causing 
erosion  of  exposed  parts  of  the  shell  and  rendering  necessary  an  ex- 
ceptional secretion  of  shell  substance  to  repair  these  damages,  is  weak- 
ening to  the  animals  and  very  injurious  to  the  shells,  viewed  as  material 
for  study. 

The  range  of  temperature  borne  by  fresh- water  moUusks  is  very 
great.  Some  species  of  Pisidiunij  Sphwrium,  and  \Limncea  are  found  at 
great  altitudes  (6,000-14,000  feet)  in  pools  where  the  temperature  sel- 
dom rises  much  above  the  melting  snow  from  which  they  spring.  On 
the  other  hand  species  of  the  same  genera  as  well  as  PUmorlns  and  gas- 
tropods belonging  to  the  Amnicolidw  occur  in  the  waters  of  thermal 
springs  which  have  a  high  temperature.  Most  of  the  fresh-water  mol- 
lusks  appear  to  enjoy  a  certain  amount  of  sunlight,  or  at  least  are  not 
repelled  by  it,  though  as  Dr.  Lea  has  shown,  some  of  the  Naiades  (and 
possibly  all  of  them),  though  without  organs  of  sight,  are  distinctly 
sensible  to  the  influence  of  light.  On  the  other  hand  a  certain  number 
of  species,  mostly  of  small  size,  frequent  subterranean  waters,  deep 
wells,  or  the  lower  depths  of  great  lakes. 

The  presence  of  impalpable  mud  suspended  in  the  water  is  as  ob- 
noxious to  gill-bearing  mollusks  as  clouds  of  dust  are  to  air-breathing 
animals,  and  for  the  same  reason.  Salts  of  borax,  magnesia,  soda,  and 
potash  are  injurious,  and,  when  abundant,  are  fatal  to  molluscan  life, 
although  when  the  change  is  brought  about  with  extreme  slowness 
some  hardy  species  may  survive  in  the  presence  of  salt  enough  to  ren- 
der the  water  perceptibly  brackish.  The  effect  of  the  change  is  gen- 
erally apparent  in  a  tendency  of  the  shells  to  become  ribbed,  dwarfed, 
abnormally  thickened,  or  distorted  under  such  conditions.  Conversely, 
marine  species,  if  the  change  be  sufficiently  gradual,  may  survive  in 
water  which  has  become  nearly  or  quit«  fresh,  and  thus  present  the 
naturalist  with  such  anomalies  as  the  fresh-water  arks,  cockles,  and 
teredos  of  India  and  the  river  limpets  {Acmwa)  of  Borneo. 

As  lakes  become  saline  the  species  which  can  not  migrate  die,  but 
those  capable  of  doing  so  are  apt  to  retreat  to  the  streams  feeding  such 
lakes,  aiid  finally  to  the  springs  which  feed  the  streams.  So  that  in 
the  case  of  the  Pleistocene  Lake  Bonneville,  of  which  the  Great  Salt 
Lake  of  Utah  is  a  remnant,  the  mollusks,  long  thought  to  be  extinct, 
which  lie  fossil  in  myriads  on  the  ancient  shore  lines,  have  one  by  one 
been  discovered  living  in  the  few  springs  which  remain  in  that  arid 
region,  until  the  discovery  of  Tryonia^  in  1891,  by  Dr.  Merriam,  made 
the  list  complete.  In  mountain  pools,  wet  meadows,  ditches,  and 
jxmds  are  found  the  small  bivalves  of  the  genera  Pisidium  and  Spha- 
riiim;  in  larger  ponds,  canals,  and  slow-moving  waters  Anodonta  flour- 
ishes, while  Unio  and  the  larger  Naiades  seem  to  prefer  streams,  often 
lying  in  full  \iew  on  a  hard  rockj'  bottom  or  slowly  pushing  themselves 
about  on  the  mud  or  sand.    Marshes  give  shelter  to  the  operculate 
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ViviparidcBj  Ampullaria,  aiid  Hydrobiince;  in  ponds  and  sluggish 
streams  Planorhis^  lAmncea^  and  Amnicola  abound;  estuaries  afford 
Corbiculaj  Cyrena^  and  MelanapsiSj  beside  such  modified  marine  species 
as  Azaraj  TageltiSj  some  Risaoidw,  Neritina^  and  BithiniOy  and  occa- 
sionally half  marine  Cyrenoidea  and  Fsammohiidce.  Swift  streams  often 
teem  with  Melanians  of  different  genera,  and  under  their  pebbles  lurk 
freshwater  Neritina,  Planorbis,  and  Ancylus,  Lily  pads  are  a  good 
collecting  ground  for  small  specimens,  and  iu  the  tufts  of  water-loving 
grasses  as  well  as  the  soft  mud  about  their  roots  numerous  mollusks 
may  be  found. 

OUTFIT. 

For  carrying  the  larger  bivalves  a  bag  or  basket  is  convenient  and 
a  dip  net  with  rather  wide  meshes  will  enable  the  collector  to  search 
soft  mud  for  bivalves  or  pick  up  Naiades  from  water  too  deep  for  the 
arm  alone.  A  few  vials  for  the  smaller  species,  a  tin  water  pail  for 
preserving  interesting  forms  alive,  a  thm-bladed  knife  for  roughly 
cleaning  large  bivalves,  and  the  ever  useful  forceps  will  make  an  outfit 
quite  sufficient  for  the  collector's  needs. 

FAVORABLE  LOCALITIES. 

The  preceding  remarks  will  have  indicated  places  where  search  may 
preferably  be  made.  The  drift  along  river  and  lake  beaches  and  the 
vicinity  of  muskrat  burrows  will  often  afford  dead  specimens  in  good 
condition.  Trailing  weeds  and  the  long  fibrous  roots  of  trees  often  con- 
ceal rarities  in  their  meshes. 

EOGS. 

The  eggs  of  fresh-water  gastropods  are  often  deposited  in  little  masses 
of  clear  jelly,  which  may  be  preserved  in  fresh  water  and  reared  in  an 
exteini)orized  aquarium.  Goldfish  globes  or  thin  jars  of  plain  glass 
are  (luite  as  good  and  much  cheaper  for  such  purposes  than  the  more 
pretentious  metal-framed  aquaria  for  sale  by  dealers. 

ENEMIES   AND   PARASITES. 

The  muskrat  and  the  wild  duck  feed  largely  on  mollusks.  In  the 
croj)  of  the  latter  and  about  the  burrows  of  the  former  specimens  still 
suitable  for  study  may  often  be  found.  The  embryos  of  fresh-water 
bivalves  are  often  provided  with  temporary  booklets,  by  which  they 
adhere  to  the  fins  of  small  fishes  or  the  legs  of  other  water  animals,  and 
are  thus  transported  from  one  pool  or  stream  to  another.  In  the  gill 
pouches  of  many  species  the  young  remain  until  their  development  is 
well  advanced.  This  is  especially  the  ease  in  the  Unionidce^  and  the 
swelled  organs  in  their  season  are  often  very  remarkable  and  offer  an 
inviting  field  for  special  study.  The  sexes  are  separate,  and  as  the 
growth  of  the  shell  goes  on  during  the  gravid  season  its  form  in  the 
female  is  often  modified  by  the  mechanical  pressure  of  the  soft  parts,  so 
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that  the  male  and  female  difter  widely  iii  their  shax>e.  The  external 
sculpture,  of  which  so  many  species  offer  examples,  is  probably  initiated 
in  most  instances  by  growth  of  the  shell  over  the  plicated  network  of 
the  gills,  another  field  open  for  much  needed  research.  The  very  young 
shells  often  hav^e  characteristic  sculpture,  lost  by  erosion  in  the  adult, 
and  they  should  be  carefully  sought  for  and  preserved.  The  young  of 
the  Corbiculidw  generally  nestle  in  a  sort  of  marsupium  within  the 
parent  until  of  considerable  size,  affording  a  good  opportunity  for  iden- 
tification and  for  the  study  of  the  larval  calyculate  beaks  found  in 
various  species. 

The  tropical  fo.rms  of  SphcertMm  show  black  maculations  not  found 
in  northern  forms,  which  on  close  examination  will  be  found  to  be 
external  to  the  shell  on  its  inner  surface.  Their  nature  is  still  to  be 
explained,  and  the  naturalists  of  our  southern  border  would  do  well  to 
examine  into  the  matter. 

The  parasites  of  fresh- water  species  are  not  numerous.  They  com 
prise  rhizopods,  infusoria,  and  cercarian  worms,  like  the  embryonic 
stages  of  the  sheep  and  other  flukes.  These  occur  in  lAmncea  esi)ecially. 
Small  mites  are  found  on  them  also,  and  they  may  sometimes  be  seen 
on  XJnio,  The  beautiftil  pearls  which  occur  occasionally  in  Unio  and 
its  allies  are  said  to  be  frequently  initiated  by  the  irritation  of  a 
Gregarina,  over  which  the  tormented  moUusk  pours  out  a  film  of  nacre 
to  protect  itself.  Other  pearls  are  due  to  the  accidental  intrusion  of 
grains  of  sand  or  the  hooked  embryos  before  referred  to.  Pearl  hunting 
is  not  part  of  the  naturalist's  work,  though  he  may  sometimes  be  re- 
warded by  a  *^  flnd.'^  It  has  been  calculated  that  one  Unio  in  a  hundred 
contains  a  pearl,  that  one  pearl  in  five  hundred  has  a  commercial  value, 
and  about  one  in  a  thousand  is  worth  more  than  $5.  So  it  will  be  seen 
that  pearl-hunting  is  not  a  profitable  pursuit  in  the  long  run,  and,  by 
its  involving  the  destruction  of  myriads  of  interesting  animals  in  regard 
to  which  the  naturalist  ha«  almost  everything  yet  to  learn,  it  is  placed 
in  the  category  of  pursuits  which  those  interested  in  biology  may 
reasonably  discourage. 

Fresh-water  collecting  in  the  tropics  does  not  differ  essentially  from 
the  same  pursuit  in  more  temperate  regions,  except  by  the  greater  preva- 
lence of  paludal  fevers  in  the  haunts  of  the  collector's  prey. 

In  deep  lakes  interesting  collections  may  sometimes  be  made  by  means 
of  dredging,  but  as  this  does  not  differ  in  any  essential  way  from  marine 
dredging  the  reader  is  referred  for  details  to  the  section  of  this  pai>er 
relating  to  explorations  of  the  sea. 

In  closing  this  part  of  our  remarks  we  would  emphasize  the  desira- 
bility of  maintaining  aquaria  for  the  study  of  the  habits  of  the  living 
animals.  Fresh- water  aquaria  inaj^  easily  be  made  by  anybody  and 
require  hardly  any  attention,  while  they  afford  an  indispensable  method 
of  learning  the  ways,  habits,  and  life  history  of  fresh- water  animals 
and  otter  an  attractive  ornament  to  the  study  or  the  piirlor. 
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MAEIKE  SPECIES. 

As  everyone  is  aware,  the  sea  is  the  most  prolific  region  for  mollus- 
can  life,  far  exceeding  in  the  number  of  its  species  the  land  and  fresh* 
water  regions  combined.  A  similar  disproportion  exists  between  the 
respective  numbers  of  families  and  genera.  The  earliest  known  mol- 
Insks  were  coeval  with  the  earliest  fossiliferous  rocks  and  were  marine 
forms.  Air-breathers  are  not  known  to  have  existed  before  the  Car- 
boniferous period,  but  when  the  much  more  ancient  Cambrian  forms 
were  living  the  molluscan  type  was  alre^ady  old  and  exhibited  develop- 
ment in  several  of  its  principal  lines.  There  can  be  no  doubt  that  the 
sea  has  continuously  existed  since  the  earliest  development  of  life  on 
the  globe,  and  most  naturalists  believe  that  in  it  the  first  organic  life 
took  rise.  Marine  mollusks,  regarded  as  a  whole,  have  therefore  formed 
a  continuous  series,  and  in  the  depths  of  the  sea  are  to  be  sought  those 
recesses  where  change  of  conditions  from  age  to  age  has  remained  at 
its  minimum.  There  linger  forms  which  are  of  incalculable  antiquity, 
some  of  which  differ  little,  regarded  as  generic  types,  from  some  of  those 
which  existed  in  Paleozoic  time;  while  representatives  of  genera  devel- 
oi>ed  in  Oenozoic  time  are  numerous. 

REGIONAL  DISTRIBUTION  OF  SPECIES. 

The  existing  sea,  with  reference  to  its  molluscan  population,  is  divis- 
ible into  two  sorts  of  regions.  One  set  is  most  easily  defined  as  that 
of  areas  differing  by  differences  of  latitude,  the  other  by  differences  in 
depth  of  water.  These  differences  in  either  case  are  not  absolute 
but  relative,  depending  on  temperature  and  food  supply,  but,  in  a  gen- 
eral way,  we  are  not  inaccurate  when  we  speak  of  Arctic,  Boreal,  Tem- 
perate, Subtropical,  and  Tropical  moUusk-faunas,  or  those  of  the  shores, 
the  shallows,  and  the  abysses. 

The  waters  immediately  adjacent  to  the  shores  were  long  ago  divided 
by  Forbes  and  other  pioneers  in  marine  exploration  into  zones  or  areas 
according  to  the  conditions  characterizing  them;  as,  for  instance,  the 
Laniinarian  zone  or  region  of  brown  kelp,  the  Coralline  zone  or  region 
of  stony  algse,  etc.  But  for  general  purposes  and  to  contrast  the  areas 
of  the  whole  sea,  one  Avith  another  according  to  their  chief  characteris- 
tics, we  may  divide  the  entire  sea  bottom  into  three  regions. 

The  first  is  that  to  which  light  can  penetrate  and  therefore  where 
marine  vegetation  can  exist.  This  is  the  Litoral  region,  and  in  a  gen- 
eral way,  modified  by  especial  conditions  at  particular  places,  it  may  be 
regarded  as  extending  from  the  actual  shore  out  to  the  limit  of  100 
fathoms.  Beyond  this  it  is  practically  certain  that  no  light  reaches 
the  bottom  of  the  sea  and  no  sea  weeds  grow.  Outside  of  this  the  bor- 
ders of  the  continents  slope  gradually  to  the  bottom  of  the  ocean,  which 
18  found  usually  at  a  depth  of  about  2,500  fathoms. 
.  On  the  upper  parts  of  these  continental  slopes  the  conditions  are  oft&OL 
very  favorable  for  marine  life.    Currents  of  comparatively  warm  water, 
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like  the  Golf  Steam,  sweep  along,  bringing  firesh,  pure  water  and  sap- 
plies  of  food  to  the  animals  along  their  track.  The  division  between 
the  abysses  and  the  slopes  is  rather  a  matter  of  temperature  than  of 
mere  depth.  But  the  temperature  itself  is  somewhat  dependent  on  the 
depth,  the  influence  of  the  great  warm  currents  rarely  extending  below 
seven  or  eight  hundred  fathoms,  and  this  depth  corresponds  roaghly 
to  a  temperature  of  about  4(P  F.  Below  this  it  diminishes  as  the  depth 
increases,  at  the  rate  of  about  one-tenth  of  a  degree  to  100  fathoms  until 
the  freezing  point  is  reached,  though  there  is  no  reason  to  suppose  that 
the  abyssal  water  ever  actually  becomes  congealed. 

To  the  cold,  dark  area  of  the  ocean  bottom  has  been  applied  the  name 
of  the  Ben  thai  or  Abyssal  region,  while  that  between  the  Literal  and 
Abyssal  areas  has  been  designated  as  the  Archibenthal  region. 

DEEP-SEA  MOLLUSKS. 

While  the  average  collector  may  not  hope  to  explore  the  recesses  of 
the  Abyssal  and  Archibenthal  regions,  a  few  observations  on  the  rela- 
tive conditions  which  obtain  there  will  assist  in  the  comprehension  of 
the  general  subject  of  the  life  of  marine  moUusks,  and  may  therefore 
be  permitted. 

Deep-sea  mollusks,  of  course,  did  not  originate  in  the  depths.  They 
are  the  descendants  of  those  venturesome  or  unfortunate  individuals  who, 
by  circumstances  carried  beyond  their  depth,  managed  to  adapt  them- 
selves to  their  new  surroundings,  survive,  and  propagate.  Many  spe- 
cies must  have  been  eliminated  to  begin  with.  Others  more  plastic,  or 
more  numerous  in  individuals,  survived  the  shock  and  have  gradually 
spread  over  great  areas  of  the  oceanic  floor.  In  accordance  with  these 
not  unreasonable  assumptions,  we  should  expect  to  find  among  the  newer 
comers  at  least  some  characters  which  were  assumed  under  the  stress 
of  the  struggle  for  existence  in  the  shallows,  and  which,  through  specific 
inertia,  have  not  become  wholly  obsolete  in  the  new  environment.  We 
should  also  expect  to  find  a  certain  proportion  of  Archibenthal  species 
in  any  given  area,  identical  with  or  closely  related  to  the  analogoas 
Litoral  region  forms  of  the  adjacent  shores. 

In  the  Abyssal  region  alone  should  we  expect  to  find  that  any  con- 
siderable proportion  of  the  fauna  has  lost  all  its  litoral  characteristics, 
assumed  characters  in  keeping  with  its  environment  and  become  dis- 
seminated over  the  ocean  bottom  throughout  a  large  part  of  its  extent 
These  expectations  in  the  main  are  fairly  satisfied  by  the  facts  as  far  as 
the  latter  are  positively  ascertained. 

In  order  that  their  existence  maybe  maintained  the  abyssal  mollusks 
require  oxygen  to  ajrate  their  circulation,  food  to  eat,  and  a  foothold 
upon  which  they  may  establish  themselves.  It  is  necessary  that  the 
conditions  should  be  such  as  will  not  prevent  the  development  of  the  eggs 
by  which  successive  generations  are  propagated,  and  that  they  do  per- 
mit it  may  be  assumed  from  the  very  fact  that  mollusks  in  large  nam- 
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bers  have  been  shown  beyond  all  question  to  exist  on  the  oceanic  floor 
wherever  this  has  been  explored. 

In  general  it  seems  as  if  we  might  safely  assume  that  the  composition 
of  abyssal  sea  water  shows  no  very  important  differences  from  that  of 
other  sea  water,  and  that  the  animals  existing  in  it  are  not  exposed  to 
any  peculiar  influences  arising  from  this  source  alone. 

This  can  not  be  said  of  the  physical  conditions.  Everyone  knows 
how  oppressive  to  the  bather  is  the  weight  of  the  sea  water  at  only  a 
few  feet  below  the  surface,  and  how  difficult  it  is  to  dive,  still  more  to 
remain  on  the  bottom,  if  only  for  a  few  seconds. 

But  it  is  difficult  to  convey  any  adequate  idea  of  the  pressure  at  such 
a  depth  as  2,000  fathoms,  oi*  about  2  miles  below  the  surface. 

Rope  made  impervious  by  tarring  is  said  to  have  become  reduced 
one-third  in  its  diameter  by  a  descent  into  these  depths.  Any  hollow 
object  not  pervious  or  elastic  is  at  once  crushed.  There  is  no  doubt 
that  at  some  ])oints  on  the  ocean  floor  the  pressure  may  amount  to  sev- 
eral tons  to  the  square  inch. 

If  we  recall  that  the  average  pressure  in  steam  boilers  is  probably 
much  less  than  100  pounds  to  the  square  inch  it  may  help  toward  an 
appreciation  of  the  abyssal  conditions. 

The  inevitable  conclusion  is,  therefore,  that  all  the  animals  living 
under  these  conditions  must  have  their  tissues  so  constituted  as  to  per- 
mit the  free  x)ermeation  of  the  water  through  every  part  in  order  that 
the  pressure  may  be  equalized.  How  this  is  possible  without  putting 
an  end  to  all  organic  functions  is  perhaps  the  greatest  mystery  of  abys- 
sal life.  How  can  a  large  egg^  like  those  of  various  deep-sea  animals, 
pass  through  the  stages  of  segmentation  and  development,  with  every 
molecule  of  its  structure  in  actual  contact  with  ordinary  sea  water  and 
every  solid  particle  subjected  to  a  pressure  of  say  a  thousand  pounds 
to  the  square  inch? 

Such  questions  are  much  easier  to  ask  than  to  answer,  in  fact  no 
attempt  at  an  answer  has,  so  far  as  I  am  aware,  ever  been  oft'ered  to 
biologists. 

The  looseness  of  tissue  necessary  to  such  a  permeation  is  conspicuous 
in  abyssal  animals,  whose  flabby  and  gelatinous  appearance  when  they 
reach  the  surface  is  notorious.  It  is  perhaps  most  noticeable  in  the 
fishes,  which  nevertheless  are  often  armed  with  tbrmidable  teeth.  But 
under  the  great  pressures  of  the  deeps  it  is  quite  conceivable  that  each 
of  these  loose  and  half  dissolving  muscles  may  be  compressed  and 
reduced  to  a  condition  resembling  steel  whe;  and  that  the  organiza- 
tion thus  sustained  may  be  as  lithe  and  sinewy  in  its  native  haunts  as 
its  shallow  water  relatives  are  in  theirs. 

The  operculum  is  generally  horny  in  abyssal  moUusks,  frequently 
disproportionately  small,  compared  with  that  of  congeneric  literal 
species,  and  in  a  remarkably  large  number  of  cases  is  absent  altogether. 

The  genus  most  abundantly  represented  of  all  is  Mangilia^  which  is 
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eotircly  witlxiut  ati  nix'i'iuilum,  and  afionU  a  coiispiciiDiiH  t^xample  of 
the  ubMoleweiico  «il'  protective  devices,  oiiyiiially  a(;qiiired  in  ttliallov 
water,  retjiiltiiig  from  lung  rt»tideuuu  tti  tlie  deepH. 

In  the  Unio  and  Melania  of  frv»li-wat«r  »trt.-aiiiH  and  the  pond  Hiiails 
of  our  lakes  and  [wndH,  the  wat^'iH  of  which  from  the  decay  of  vege- 
tahlt!  matter  are  overcliarged  with  carbonic  avid,  we  find  a  dense  thin 
greenish  epidermis  dcvtdopetl  as  a  protei^tiou  against  erosion.  In  tlie 
deep  Kea  where  every  jiortiim  of  tlie  shell  must  be  permeated  by  tlie 
surrounding  element  to  eiptalize  the  external  pressure,  and  where  oir- 
bonic  acid  exercises  its  usual  malign  intluenee  on  the  limy  |^t8  of  all 
organisms,  we  find  a  strikingly  similar. prut«4'tive  epidermis  develops) 
in  most  anesi>ecteil  places.  Thus  it  eomes  abont  that  in  the  Trodii, 
Pleurotomidie -Mid  other  ehai'acteiistic  abyssal  animals  we  find  thoxe 
puzzling  and  remarkable  counterparts  of  laud  and  fresh-water  shells 
which  have  astonished  every  student  of  the  moUusca  who  has  seen  them. 

The  influenee  of  darkness  u^Kin  the  inhabitants  of  the  Abysaal 
Region  lias  often  been  expatisite^I  upon.  Tlie  absence  of  visual  organs 
or  their  preteruatiu-ally  exircssivir  development  beyond  the  normal  irf 
the  groups  to  which  the  individuals  btdong  is  evidence  euough  that  the  : 
deeps  are  markedly  darker  than  the  shallows.  Hut  this  evidence  proves 
too  much  for  the  claim  tliat  the  duejis  are  mathematically  dark.  Wliat- 
ever  notions  may  be  entertaiued  or  conclusions  deduced  by  the  physi- 
cist from  the  premises,  the  presence  of  large  and  remarkably  developed 
eyes  in  many  abyssiU  animals  shows  that  light  of  some  sort  exists  even 
on  the  oceanic  floor.  It  is  iuconcei\able  that  these  organs  should  l)e  j 
developed  without  any  ligtit  and  iftheexjieriments  and  reasoning  of  the 
physicist  result  in  the  aiijiarent  denunistration  of  absolute  darkness  iu 
thedepths,  the  facts  of  nature  show  that  in  his  premises  or  his  experi- 
ments there  lurks  some  vitiating  error.  It  is  ridiculous  to  supiMise  that 
the  phosphorescence  of  certain  animals  in  the  deep-st^a  fauna  is  a  factor 
of  sufficient  im|K>rtance  to  bring  about  the  development  of  enormous 
anil  exquisitely  C4)nstructed  eyes  iu  a  multitude  of  deep-sea  species. 
A  greater  or  general  phospiiorescence,  smh  as  would  amount  to  a  gen- 
eral illumination,  btw  never  Iteen  claiine<l  by  any  scientific  biologist  and, 
i,  requires  a  mass  of  proof  which  seems  unlikely  to  be  fortb- 

ral,  then,  we  find  the  physical  conditions  simpler  than  those 
illows,  and  yet  much  mon;  energetic.  The  efi'ect  of  temi>ei~i- 
j-ked  in  the  distribution  of  hfe  over  c^dd  and  warmer  areas  "t' 
u.    The  relative  importance  of  the  cft'ects  of  pi-ossnre,  [Hirtial 

and  of  tlie  ([uietucss  of  abyssal  waters,  our  kuowle<lge  is  yet 
feet  to  allow  us  to  pret^isely  estimate.  All  doubtless  Lave 
t;  some  of  tlie  eflects  are  more  obvious  than  others,  but  it  is 
ans  certain  that  the  most  obvious  ore  necessarily  the  most 

to  the  organisms  concerned. 
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We  are  yet  ignorant  as  to  whether  the  abyssal  aud  archibenthal 
faunte  shade  gnidually  into  one  another,  as  seems  most  probable;  or 
whether  there  is  any  line  of  depth,  coincident  witli  a  temperature  limit, 
which  really  fixes  a  boundary  for  the  abyssal  fauna. 

To  give  the  student  some  idea  of  the  kind  and  distribution  of  life  in 
the  dififerent  ben  thai  regions  of  the  sea,  two  tables  have  been  prepared 
which  illustrate  the  peculiarities  of  the  collection  made  during  the  past 
ten  years  on  the  southeastern  shores  of  the  United  States  and  in  the 
Antilles  by  the  United  States  steamer  Blake  and  recently  reported  on. 

It  is  probable  that  it  offers  a  fair  example  of  abyssal  moUusk  faunas, 
but  this  can  not  be  claimed  with  certainty. 

The  first  table  shows  the  general  numerical  results  for  the  Blake 
(collection,  assorted  among  the  great  systematic  groups  and  the  three 
bathymetric  zones  or  areas.  The  second  table  shows  the  proportion  to 
the  whole  population  of  the  abyssal  region  borne  by  those  genera  which 
exceed  a  single  species.  The  result  here  shown  is  that  less  than  37  per 
cent  of  the  genera  comprise  more  than  08  per  cent  of  the  si)ecies;  and 
out  of  these,  three  families,  PleurotoinidWy  Ledida\  DentaliidWj  furnish 
nearly  28  per  cent  of  the  species  of  the  abyssal  fauna  collected  by  the 
Bluke. 

Table  L — General  numerical  remilts. 


Groape. 


Brachiopods 
Pelecypodfl  . 
Scapbopods. 
Gastropods  . 

Total. 


No.  of 
genera. 


7 
52 


119 
180 


No.  «»f 

8|M3Cie8. 


13 


709 


SpeoioH  in  tlic  — 


!    Species  troin- 
I       iiion  to — 


170  : 
35 
491 


Litoral 
area. 

8 
98 
17 
280 


403 


A  re  hi 

ben  thai 

area. 


12 
114 

28 


376 


AbysHal 
area. 


Two 
areas. 


3  , 
31 
12 

83 

129 


17  I 
161  ' 


250 


Abyssjil  fauna. 


All 
areas. 

Fami- 
lies. 

G 

enera. 

-' 

2 

3 

10 

15 

19 

5 

1 

2 

32 

29 

41 

49 

47 

65 

Table  II. — Genera  represented  by  more  than  one  species  in  the  abyssal  area. 


Genera. 


Mangi\i» 

Mai^^ariia 

Pleurotoma 

Dnllia 

Margiiiella 

Stala 

Callioiitoma 

Triforia 

Actfleon 

rtriculus 

Fiuoji 

Colatnbella 

Benthonella 

Total,  24  gouera  and  87  species. 


No.  of 
speeiex. 

17 
5 
4 

3 
3 
3 
3 
3 
3 

o 
') 
•) 
O 


Genera. 

Fluxina 

Liotia 

Leptol  Iiy  ra 

Coeeulina 

LiMla 

Liniopsis 

Pe«'ten 

Abra 

Myonera 

I>eutaliuiu 

Cadulus 


No.  of 
speoies. 


2 
2 
2 
2 

5 

3 

3 

2 
o 

8 
4 
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For  the  naturalist  of  to  day  the  most  interesting  feature  of  ahyssal 
life  is  not  that  it  furnishes  him  with  singular  and  archaic  forms,  useful 
in  his  study  of  extinct  genera;  nor  the  beauty  and  rarity  of  the  creatures 
living  under  such  unusual  conditions.  The  most  important  character 
istic  of  abyssal  life  is,  that  it,  and  it  alone,  exhibits  a  fauna  in  whicb 
reciprocal  struggle  is  nearly  eliminated  from  the  factors  inducing  var- 
iation and  modification. 

Hence  the  course  of  evolution  and  modification,  though  still  com- 
plex, is  certainly  much  less  so  than  in  the  shallower  parts  of  the  ocean. 
For  this  reason  we  may  hope  to  penetrate  more  deeply  into  its  myster- 
ies with  deep-sea  animals  than  with  those  less  fortunately  situated.  In 
this  oi)portunity  lies  the  chief  importance  of  research  into  the  biology 
of  deep-sea  mollusks.  Nowhere  else  may  we  hope  to  find  the  action 
and  reaction  of  the  <H)ntending  forces  less  obscure,  and  modificatiou  in 
most  cases  has  not  extended  so  far  that  we  can  not  compare  the  deep 
sea  forms  with  their  shallow-water  analogues  and  draw  valuable  con- 
clusions. 

For  an  account  of  the  methods  and  apparatus  employed  in  deep-sea 
researches  the  student  may  be  referred  to  the  following  works: 

Three  cruises  of  the  U.  S.  Coast  and  Geodetic  Survey  Steamer  Blah 
in  the  Gulf  of  Mexico,  etc.,  by  Alexander  Agassiz.  Boston:  Houghton, 
Milttin  &  Co.,  188<S;  2  vols.  8^.    With  many  maps  and  illustrations. 

Deep  Sea  Sounding  and  Dredging  (etc.),  by  ('has.  D.  Sigsbee,  Lieut. 
(Joui.  U.  S.  Navy.  Washington:  Coast  and  (ieodetic  Survey,  1880.  4^. 
With  many  illustrations  and  supplement  dated  1882. 

MOLLUSKS   OF   THE   LITOBAL   REaiON. 

The  litoral  region  may  be  divided  into  several  subordinate  areas,  the 
first  of  which  is  the  beach,  or  litoral  proper,  between  the  extreme 
range  of  the  tide  or  high  and  low  watiu*  mark.  The  next  has  been 
called  the  area  of  sea- weeds  or  laminarian  zone  from  the  Laminaria,  or 
h)ng  leaved  k(?lp,  whirh  grows  in  it.  Its  extent  varies  in  different paits 
of  the  world,  but  in  general  is  regarded  as  between  the  low-water  mark 
of  spring  tides  and  a  depth  of  about  15  fathoms  or  <J0  feet  of  water. 

Ontside  of  the  laminarian  zone  and  extending  to  the  limits  of  the 
penetration  of  light  into  the  depths  is  the  coralline  zone,  where  the 
vegetaticm  C(msists  chiefiy  of  stony  alga»,  or  nnllipores,  and  in  which 
Polyzoa  or  corallines  are  most  abundant.  The  outer  limit  of  this  zone 
is  usually  taken  as  100  fathoms  (GOO  feet),  an  arbitrary  limit,  but  approx- 
imating to  the  trnth. 

Most  collectors  find  their  chief  resource  in  the  beiu'h,  where  they 
obtain  not  only  the  mollusks  proper  to  that  region  bat  many  others 
cast  up  by  the  sea  which  ncn^mally  inhabit  the  outer  zones. 

Those  fortunate  enough  to  secure  the  use  of  a  rowboat  and  dredge, 
find  a  rich  field  accessible  to  them  in  the  laminarian  zone  and  the  inner 
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margin  of  the  coralline  zone.  For  work  in  the  deeper  parts  of  the  lat- 
ter a  sailboat  or  small  tug  and  a  crew  of  several  men  are  necessary  for 
effective  work,  but  the  trouble  and  expense  are  well  repaid  by  the  rari- 
ties which  can  be  secured  in  this  and  no  other  way. 

The  mollusks  of  the  beach  differ  widely  in  different  latitudes.  In 
the  north  Litorina^  Purpura^  and  various  limpets  frequent  the  rocky 
and  stony  shores,  while  near  low  water  on  the  under  surface  of  flat 
stoyes  and  under  overhanging  ledges  several  s]>ecies  of  Chiton  find  a 
congenial  home.  Among  the  barnacles  and  under  th(^  profuse  fronds 
of  the  bladder  weexl  small  Rissoids  and  the  urnlike  ovicapsules  of  Pur- 
pura are  common.  On  the  Californian  coast  Haliotisj  Acmcva,  and  many 
Chitons  abound  in  such  localities.  As  we  go  south  the  fauna  of  stony 
beaches  becomes  richer,  and  a  vast  number  of  small  shell-bearing  and 
naked  mollusks  inhabit  them.  Where  there  is  a  mixture  of  stones  and 
sand,  large  sea-anemones  or  Actinia  live  between  the  pebbles,  often  cov- 
ered with  fragments  of  shell  and  bits  of  gravel,  amongst  which  careful 
examination  often  reveals  many  small  shells  sticking  to  the  adhesive 
surface  of  the  pol>T)s.  These  must  be  secured  by  means  of  the  forceps, 
as  they  are  not  easily  detached. 

On  the  sandy  beaches  will  be  found  a  special  fauna,  without  taking 
into  account  the  species  thrown  up  by  the  waves  from  deeper  water. 
Natica  is  one  of  the  most  common  gastropods,  and  living  specimens 
may  readily  be  detect<^d  by  the  little  mound  of  sand  which  they  push 
before  them  as  they  plow  their  way  just  below  the  surface.  Nmm  is 
one  of  the  most  familiar  forms  in  such  places  and,  like  Natica,  is  preda- 
cious, living  on  the  flesh  and  juices  of  bivalves,  which  it  seeks  beneath 
the  sand,  drilling  in  their  shells  the  small  circular  holes  which  may  be 
noticed  in  the  majority  of  the  dead  bivalves  strewn  upon  the  beach. 
In  the  south  Fulgur  is  one  of  the  largest  and  most  common  of  the  gas- 
tropods characteristic  of  the  sand  beaches,  and  its  horny  coils  of  ovicap- 
sules, in  the  shape  of  angular  spiny  disks  jKlhering  by  one  edge  to  a 
connecting  lamina,  are  among  the  most  frequent  objects  on  the  shore. 
The  drills,  Urosalpinx  and  Eupleura,  so  destructive  to  young  oysters, 
abound  in  many  idaces.  The  bivalves  exceed  all  others  in  the  number 
of  individuals.  Mactra,  Fetrieola,  and  Macoma  in  the  north,  with  Donaxy 
Tellina,  Venns,  and  Doninia  in  the  south,  are  among  the  most  conspicu- 
ous forms.  Living  specimens  are  usually  concealed  under  the  surfiice. 
Small  holes  in  the  sand,  by  which  water  obtains  access  to  their  siphons, 
indicate  the  spot  they  occupy.  Advancing  waves  will  often  uncover 
thousands  of  small  specimens  of  Donax,  which  disappear  as  if  by  magic 
as  the  water  recoils.  Olirella  .and  Oliva  frequent  sand  beaches  near 
low-water  mark  and  also  are  burrowers.  In  Florida  Strombu^  pugilisy 
Melongena  corona,  and  Pyrnla  papyratia  are  very  abundant  in  such 
places. 

On  muddy  flats,  especially  if  somewhat  sprinkled  with  gravel  or  peb- 
bles, another  set  of  mollusks  may  be  found.   Mya  and  Petricola,  certain 
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species  of  Mdcomaj  and  the  mud-loving  Hyanansa  are  invariable  mem- 
bers of  the  fauna  and  wherever  a  sprinkling  of  wiry  salt-water  grasse>s 
checks  the  motion  of  the  water  there  one  finds  hosts  of  Astyrh^  Cerithi- 
opsisj  Tri/orkj  Bittium  and  small  spi^cies  of  Odostomia  and  Mangilia. 
A  little  further  seaward  where  the  water  rarely  leaves  them  are  the 
oysters,  with  their  attendant  Anomtaj  Crepiduln  and  little  ga«troi)ods, 
not  to  mention  the  drills  and  other  enemies  varying  with  the  latitude. 
In  the  narrow  ditches  commonly  cut  in  New  England  for  the  quicker 
drainage  of  salt  marshes  as  the  tide  rex^edes,  Littorinelln  is  often  abun- 
dant with  Bittium  ui>on  the  vegetation.  In  half  submerge4l  ImmIs  of 
peat  Petricola  and  Zirph(va  live  in  borings  which  they  enlarge  as  they 
grow,  while  the  piles  of  old  jetties  or  the  softened  wood  of  wrecks  when 
split  open  usually  reve^il  tlie  borings  of  Teredo^  Xyhtrya,  and  Martesia^ 
often  containing  the  author  of  the  damage.  The  canals  of  sponges,  of 
the  brittle  sort  known  as  '* bread  sponges,"  often  contain  small  gastro- 
pods which  take  refuge  there;  and  su(*h  sponges  are  common  on  the 
oyster  beds  and  in  the  pools  on  stony  beaches  just  below  low- water 
mark,  especially  on  our  southern  and  southeastern  shores.  The  crannies 
of  old  weed-grown  seawalls  are  a  good  collecting  ground  and  in  such 
places  and  on  floats  and  old  piling  some  minute  si)ecies  usually'  occur 
which  may  be  vainly  sought  elsewhere. 

In  tropical  regions  the  coral  reefs,  whose  tojis  are  usually  accessilde 
at  low  water,  have  a  rich  and  varied  fauna  of  their  own.  The  stems 
and  aerial  roots  of  the  mangrove  are  favorite  haunts  of  IJtorinida\  tree- 
oysters,  Cerithideay  and  the  like,  many  of  which  remain  for  hours  out  of 
the  water.  In  the  nmd  at  their  base  Are«,  Sajricava  and  many  others 
are  almost  inextricably  mixed  with  the  tubes  of  Vermetmj  Petaloconchwt^ 
and  various  worms.  When  the  roots  extend  into  clciir  water  they  are 
a  favorite  haunt  of  the  salt-water  species  of  Nerithia  and  of  Kerita.  Vjn- 
der  the  overhang  of  rocks  and  the  sides  of  bowlders  which  stand  between 
tide  marks  the  amphibious  Siphonaria  and  Qadinia  may  be  found  asso- 
ciated with  chitons  and  true  limpets.  Among  the  pebbles  at  low-water 
mark  may  be  fouiul  hosts  of  Tnrhimdw^  like  Vvanilln  and  Pavhypoma^ 
Trochidw^  like  ChU)roi<tomn  and  LiotiOj  the  slipper  limpets,  the  cup  and 
saucef  limpets  {Cnmhuhnn)^  Capnluttj  and  Amalthea,  In  gravelly  places 
occur  myriads  of  Cerithmm  and  CoJnmhclla ;  while  the  cones  ])refer 
muddy  places,  the  bivalves  the  sandy  bea(*hes,  and  the  murices  the 
rocks  and  oyster  beds.  Tlie  catalogue  might  be  almost  indefinitely  pro- 
longed, but  tlie  above  hints  will  be  sufficient  to  start  any  in U»lligent  col- 
lector on  the  right  track,  when  after  a  little  experience  he  will  not  need 
more  detailed  sugg(»stions. 

orXFIT. 

For  ordinary  beach  collecting  the  collector,  beside  pill  boxes  and 
vials  for  frail  or  minute  specimens,  and  a  su]»])ly  of  alcohol  in  one  or 
two  wide-mouthed  bottles  or  screw- topped  jars,  will  find  a  basket  or  bag 
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convenient  for  tlie  larger  species ;  a  knai>8ack  of  painted  canvas  being 
best,  as  fluids  do  not  leak  out  of  it.  A  hammer,  or  stuall  pick  and 
hammer  combined,  is  frequently  useful  to  crack  rocks  or  coral  for 
pUolads,  or  rake  the  gravel  for  hidden  gastropotls.  To  dig  out  living 
bivalves  a  spade  and  a  good  deal  of  energy  are  required;  such  collect- 
ing i»  best  miuie  tlie  subject  of  a  special  excursion.  On  the  Pacific 
coiiat  a  small  rod  of  three-eighths  inch  iron,  hammered  to  a  chisel-shape 
at  one  end  and  to  a  i>oiut  at  the  other,  is  very  useful  in  detaching  Halio- 
tU,  or  large  chitons,  from  the  rock.  If  the  blow  is  sharp  and  unex- 
))e4;te<l  the  mollusk  will  usually  fall  without  injury,  and  in  many  places 
a  small  dip  net  will  be  of  use  for  securing  it.  But  if  the  mollusk  is  irri 
tated  or  disturbed  before  the  collector  strikes  in  earnest,  it  is  better  to 
pass  on,  for  the  creatures  when  aroused  will  hanlly  be  detached  without 
injury,  so  effex^tlve  is  their  hold  on  the  rock.  The  same  is  true  to  a 
minor  degree  of  tlie  limpets.  If  chitons  are  collected  they  should  be 
placed  on  a  narrow  strip  of  smooth  wo(kI  like  a  ruler,  well  wetted  with 
salt  water,  before  they  have  time  to  curl  u|>.  By  putting  them  oppo 
site  one  another  and  tightly  winding  soft  twine,  list,  or  lainp-wickiug 
around  both  chitons  and  sti<^k,  they  will  be  kept  in  a  normal  posture 
until  the  tissues  are  relaxed  and  they  cau  then  be  pre.sorved  in  spirits 
or  cleaned.  If  this  precaution  is  not  taken  they  are  apt  to  curl  up  in  a 
sha])e  which  renders  them  almost  useless  for  dissection  or  for  cabinet 
H[iecimens  and  they  will  break  rather  than  flatten  out.  A  large  number 
may  be  set  on  a  single  stick.  If,  however,  they  curl  before  they  can  be 
set,  it  is  best  to  put  them  in  a  pan  of  salt  water  when  they  will,  if  aUve, 
eveutually  resume  a  normal  position.  A  small  sieve,  with  meshes  of 
one-sixteenth  of  an  inch,  is  often  useful  for  sifting  the  sand  out  of  drift 
material  which  collects  at  high  water  and  along  the  ripple  marks.  This 
can  be  pnt  in  a  bag  or  bottle  and  picked  over  at  home.  It  is  often  very 
rich  in  small  species.  An  old  table  knife  is  useful  for  detaching  limi>ets 
or  chitons  from  smooth  rocks.  The  dip  net,  if  the  frame  is  solid  and  the 
meshes  small,  may  be  use4l  to  dr»lgc  out  small  bivalves  from  the  loose 
sand  uear  low-water  mark  or  from  the  soft  mud  of  marshy  shores. 

FAVOKABI.K   LIICALITIFfi   FOIl   SI10RR   COLLRCTINti. 

In  the  preceding  remarks  a  statement  of  the  special  habitat  preferred 
by  special  groups  has  been  eml>odie<l,  and  as  conditions  vary  in  differ- 
ent regions,  the  colle<:tor  will  find  experience  the  best  teiudier  in  seeking 
favorable  sixits  for  !iis  work.  It  may  be  said,  however,  that  the  richest 
fauna  is  likely  to  occur  where  a  combination  of  varied  elements  con- 
stitutes the  shore.  A  beach  composed  of  a  mixture  of  mud,  sand,  and 
gravel,  or  of  mud  and  sand  diversified  by  projecting  rocks  is  always 
more  fruitful  in  siiecies  than  a  stn-tiih  of  exclusively  sandy,  rocky,  or 
muddy  shore.  This  is  partly  because  of  the  varied  conditions  which 
suit  a  larger  variety  of  mollusks,  and  partly  because  the  same  div'^^''*' 
of  bottom  promotes  the  multiplication  of  the  organisms  which  ser\ 
moUnsks  for  food. 
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Again,  as  a  reasonable  degree  of  motion  in  the  water  brings  to 
sedentary  animals  a  larger  supply  of  food  than  would  otherwise  be 
within  their  reach,  we  usually  find  points  and  headlands,  or  islets, 
washed  by  marine  currents  far  richer  in  species  than  those  beaches 
subject  only  to  the  ordinary  ebb  and  flow  of  the  tide. 

Places  where  fishermen  draw  their  seines  are  apt  to  afford  specimens 
accidentally  brought  in  from  deeper  water.  The  haddock  and  some  other 
fishes  live  partly  on  mollusks,  and  therefore  the  bits  of  beach  where 
fish  are  cleaned  often  repay  a  search,  in  spite  of  incidental  annoyances 
common  to  such  places. 

The  late  Dr.  A.  A.  Gould  had  a  regular  understanding  with  certain 
fishmongers  that  they  were  to  empty  the  paunches  of  their  haddock 
into  a  bucket  of  clean  water,  which  was  afterward  strained  oflf,  the 
debris  affording  many  rarities  which  could  be  obtained  in  no  other 
way.  The  crops  of  sea  ducks  are  often  crammed  with  small  bivalves, 
such  as  Numda  and  Leda,  Among  other  facilities  for  collecting  which 
the  markets  of  a  large  city  afford,  apart  from  the  supply  of  edible 
species  brought  for  sale,  may  be  mentioned  the  mud  which  remains  in 
the  barrels  in  which  oysters  are  brought  to  market.  This  will  often 
afford  a  great  many  small  species  if  waslied  and  sifted. 

Among  other  out  of-the-way  places  where  rare  and  singular  mollusks 
may  be  obtained  are  the  burrows  of  crustaceans  which  are  frequently 
inhabited  by  species  of  Lepton.  This  genus  appears  to  be  frequently 
commensal  in  its  habits.  Around  the  mouth  and  in  the  channels  which 
radiate  from  that  aperture,  in  such  Echini  as  HemiaHUrj  a  small  com- 
mensal species  of  Lepton  is  frequently  found.  A  burrowing  crustacean 
{OehiapugettenHiH  Dana),  living  on  Puget  S(mnd  and  the  coast  of  British 
Columbia,  frequently  candies  under  its  abdomen  a  species  of  Lepton^ 
attached  to  the  crab  by  its  byssus,  as  a  lady  carries  a  chatelaine  bag 
at  her  belt.  The  margin  of  the  shell  ia  curved  to  fit  the  rotundity  of 
its  host,  and  the  mollusk  has  not  been  found  alive  in  any  other  situa- 
tion. A  minute  hyaline  gastropod  {StHifer)  is  an  habitual  parasite  of 
starfishes,  living  half  imbedded  in  the  tissues,  from  which  it  sucks  the 
juices.  Another  gastropod  (Thyca)  is  more  strictly  commensal,  and 
establishes  itself  near  the  anal  opening  of  its  echinoid  host,  from  whose 
ejecta  it  is  supposed  to  obtain  sustenance.  Very  similar  spcn^ies  be- 
longing to  the  same  fiimily  were  semiparasitic  on  many  palex>zoic 
crinoids,  growing  as  their  host  grew,  remaining  permanently  in  the 
same  spot,  and  frequently  inducing  distortion  in  the  echinoid  thus  rid- 
den. A  still  more  extraordinary  case  is  that  of  Entoconcha  mirabilisj  a 
degraded  mollusk  which  is  an  internal  ])arasite  of  Synapta,  a  worm-like 
orgjinism  found  on  sand  beaches.  The  Entoconeha  is  found  as  a  sac- 
shaped  mass  in  the  intestine  of  the  ^ynaptd,  only  recognizable  as  a 
mollusk  by  the  development  of  its  eggs,  which  pass  through  the  usual 
molluscan  stages,  while  the  larval  animal  jiossesses  a  small  shell,  after- 
ward lost,  as  in  the  case  of  many  Tectibranchs.    The  small  gastropods 
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which  haunt  the  canals  of  Cliona  and  other  "bread  8i)onges"  are  prob- 
ably commensals  rather  than  true  parasites,  and  find  shelter  in  these 
passages  while  their  food  is  conveniently  brought  to  them  by  the  ciliary 
currents  kept  up  by  the  si)onge. 

Small  moUusks  may  often  be  found  in  the  stomachs  of  starfish  as  well 
as  other  marme  animals.  In  the  Arctic  regions  the  walrus,  after  using 
his  great  tusks  to  rake  Astarte  and  Naiica  out  of  their  muddy  bed,  is 
in  the  habit  of  swallowing  them  whole.  The  shells,  frequently  little 
injured  by  their  journey  through  the  animal,  may  be  found  in  large 
quantities  on  the  rocky  beaches  where  the  walnis  "haul  up  "on  the 
shore.  The  roots  of  kelp  and  the  branches  of  sea  fans  and  other  corals 
are  the  peculiar  habitat  of  a  few  interesting  and  often  very  rare  forms. 

EGGS  AND  EGG  CASES. 

The  eggs  of  bivalve  mollusks  are  usuaDy  protected  within  the  valves 
of  the  mother,  and  when  the  sexes  are  separate,  as  in  a  majority  of  bi- 
valves, this  habit  results  in  the  modification  of  the  form  of  the  female 
shell.  In  some  species  the  larval  mollusks  cling  to  the  gills  of  the  par- 
ent, in  others  there  are  special  pouches  modified  for  their  use,  and  these 
differences  occur  in  most  closely  related  species  of  one  genus.  In  other 
groups,  as  in  the  cases  of  Pernuj  Cardium^  Poromya^  and  Cuspiduria^  the 
gills  may  be  so  attached  to  one  another  and  to  the  mantle,  or  the 
siphonal  septum  may  be  so  produced  forward  as  to  form  a  special 
chamber  serving  as  a  marsupium  for  the  protection  of  the  young.  In 
gastropods  the  whelks  deposit  their  eggs  in  horny  or  leathery  ovicap- 
sules  generally  anchored  to  some  stationary  body.  The  prickly  coils  of 
the  egg  cases  of  Fulgur  have  been  already  referred  to.  Buccmum  de- 
posits its  capsules  in  a  heap  like  grains  of  corn  but  so  arranged  as  to 
admit  the  sea  water  to  every  part.  They  fire  commonly  placed  on  or  in 
some  dead  bivalve.  The  ovicapsules  of  Purpura  stand  on  end,  like  lit- 
tle vases  in  groups  upon  the  rock,  usually  under  the  bladder  weed. 
Chrysodomus  heaps  its  capsules  in  a  cylindrical  tower  sometimes  six 
inches  high.  VoUita  and  Stromhella  have  a  few  large  eggs  in  hemi- 
spherical or  lenticular  capsules  an  inch  across.  One  species  has  a  large, 
floating,  spherical  capsule.  There  are  many  gastropods  whose  eggs  are 
not  protected  in  this  way.  The  nudibranchs  lay  theirs  in  a  jelly-like 
mass,  string,  or  coiled  ribbon  among  the  marine  vegetation^  The 
Calyptraeidw  protect  their  small  yellow  ova  in  a  jelly-like  mass  be- 
tween the  muzzle  and  the  front  of  the  foot  under  the  parent  shell.  At 
such  times  a  strip  or  fringe  of  thin  tissue,  which  runs  along  each  side 
of  the  neck,  becomes  greatly  enlarged  and  is  wrapped  about  the  egg 
mass  as  a  mother  would  wrap  her  infant  in  a  blanket.  Of  the  eggs  of 
a  great  majority  of  marine  mollusks  nothing  is  known,  and  here  there  is 
a  most  interesting  field  for  study  and  observation. 
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RNKM1K8  AND   PARASITES. 

Sea  mollusks  are  tlic  i)rey  of  marine  animals  in  general,  and  feed  to 
some  extent  upon  each  other.  There  are  no  special  or  peculiar  enemies 
except  the  boring  sponge  (67ton«),  which  riddles  shells  and  other  limy 
bodies  with  a  network  of  small  canals  and  chains  of  perforations  familiar 
to  every  collector.  Some  Folyzoa  erode  the  surface  of  shells  to  which 
they  are  atta(*hed  and  when  removed  leave  marks  resembling  the  pits 
on  a  thimble,  often  regularly  arranged  and  sometimes  taken  for  a  normal 
sculpture  by  the  unwary  or  inexperienced  student. 

COMMENSAL  ORGANISMS. 

Various  worms  and  Crustacea  are  commensal  with  mollusks,  of  which 
the  oyster  crab  [Pmnotheres)  is  a  most  conspicuous  and  familiar  instance. 
The  shells  infested  by  commensal  worms  are  sometimes  abnormally 
modified  by  their  presence.  On  the  other  hand,  a  curious  little  mollusk 
(CochliolepUf)  has  been  described  by  Stimpson,  which  lives  only  under 
the  scales  of  an  enormous  annelid  (Acoefe^  h(pintut)  common  in  the  har- 
bor of  Charleston,  S.  C. 

The  collector  whose  tastes  and  opportunities  lead  him  to  study  the 
habits  of  life  of  mollusks  can  hardly  fail,  if  patient  and  accurate,  to  add 
greatly  to  our  knowledge.  The  literature  of  molluscan  biography,  if  it 
may  be  ternied  so,  is  meager  to  an  extraordinary  degree.  No  better 
field  for  research  can  be  imagined,  and  with  experience  it  is  found  that 
the  (apparently)  most  trifling  details  may  have  an  important  bearing 
and  value. 

DREDGING. 
THE  CONSTRUCTION  AND    USE  OF  THE  DREDGE. 

The  dredge  has  been  in  use  among  naturalists  since  the  last  century. 
The  form  commonly  in  use  for  many  years  was  that  invented  by  Otho 
Frederick  MuUer,  a  Danish  naturalist,  and  it  is  this  form  which  is  de- 
scribed in  most  of  the  text-books  on  conchology.*  This  instrument  was 
composed  of  a  rectangular  frame  of  iron,  with  two  movable  arms  ex- 
tending forward,  and  with  two  large  pieces  of  rawhide  attached  by 
wires  to  the  hinder  edges  of  the  rectangle.  The  sides  of  these  two 
pieces  of  rawhide  were  caught  together  with  wire  or  twine  in  such  a 
way  as  to  make  a  net.  This  form  of  dredge  is  very  inconvenient  be- 
cause, when  not  in  service,  the  hide  shrinks,  dries,  and  becomes  very 
hard,  requiring  to  be  soaked  a  long  time  in  order  to  be  fit  for  use;  it  is 
also  difficult  to  turn  such  a  net  inside  out  in  order  to  get  at  the  con- 
tents of  the  dredge. 

The  modern  dredge  has  been  improved  by  Stimpson,  and  by  the  au- 
thor of  this  paper.  It  consists,  like  the  other,  of  a  rectangular  frame 
(Fig.  1),  the  sides  being  shorter  than  the  upper  and  lower  x)ortion8  of  the 

*  See  Woodward's  Manual,  etlition  of  1871,  j).  141,  tigs.  33,  34. 


[27]        INSTRUCTIONS    FOR    (^OLLKOTINO    MOLLUSKS DALL. 

rectangle.  The  lower  and  upper  edges  in  front  are  hammered  so  as  to 
fliu-e  a  little,  like  the  edge  of  a  chisel,  (a,  a,  Fig.  2)  thus  plowing  up  the 
bottom  over  which  the  dredge  is  pulled.  The  edges  of  the  short  verti- 
cal sides  are  left  without  this  bevel.  In  each  side  are  two  holes,  (/i,  //,  Fig. 
3)  in  which  are  inserted  the  Y-shaped  ends  of  the  anu  (Fig.  5)  of  each 
side,  made  of  a  slender  (about  three-eighths  of  an  inch)  iron  rod.  The 
anterior  part  of  each  arm  ends  in  a  ring  formcMl  by  turning  the  end  of 
tlic  rod  round.  Parallel  with  and  near  to  the  back  edges  of  the  frame 
is  punched  a  row  of  holes,  as  many  as  may  be  <*onvenient.     By  means 
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of  rivets  through  these  holes  a  thin  strip  of  galvanized  iron  is  attached, 
extending,  on  theoutside,  entirely  around  theba<*.k  edge  of  the  rectangle. 
The  hinder  edge  of  the  galvanized  iron  extends  about  an  inch  behind  the 
binder  edge  of  the  frame.  Tliis  is  p<»rforated  with  a  row  of  small  holes 
al>out  an  inch  apart,  extending  entirely  around  the  edge.  To  these  holes 
a  net  (^,  Fig.  2)  and  two  flaps  of  stout  canvas  (<•,  c.  Fig.  2)  are  hu*ed  with 
copper  or  galvanized  iron  wire.  The  objexrt  of  the  strip  of  galvanized 
iron  is  to  hold  the  net  away  from  the  iron  frame,  which  always  rusts. 
This  rust  would  very  soon  destroy  the  net,  but  if  the  latter  is  8e])arat<Ml 
from  the  iron  by  the  galvanized  strij)  which  does  not  rust,  a  single  net 
may  sometimes  be  used  for  a  whole  season,  without  need  of  repair.    The 
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Fid.  2 — DhmIjjo  fraiiM*  with  ii»  t  ami  raiiva«. 


edge  of  the  \wt  to  be  laced  on  is  phu*ed  inside  of  the  galvanized  inm.  The 
front  edges  of  the  two  strips  of  canvas  are  placed  outside.  These  strips 
of  canvas  should  be  a  little  wider  and  about  a  f(M»t  longer  than  the  net 
when  it  is  wet  and  stretched.  The  lacing  is  done  by  sharpening  the  ends 
of  a  piece  of  copper  wire  or  well  galvanized  wire,  making  holes  in  the  can- 
vas with  an  awl  and  piussing  the  wire  in  and  out  as  if  sewing,  so  that 
the  edges  of  the  canvius,  of  the  net,  and  the  thin  strip  of  galvanized  iron 
are  closely  and  carefiilly  fastened  together.  The  object  of  the  strips  of 
canvas  is  t^)  receive  the  friction  of  the  bottom,  thereby  preventing  undue 
wear  upon  the  net.     As  in  sinking  the  dredge  they  are  very  apt  to  curl 
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over  and  get  into  the  mouth  of  it,  it  is  usually  best  to  tie  the  lateral 
edges  of  the  upper  and  lower  flaps  to  each  other,  in  one  or  two  places 
with  stout  twine, which  holds  them  in  their  place.  The  net  iiseU  can 
be  turned  inside  out,  and  the  dredge  emptied  without  disturbing  the 
flaps. 

To  have  adredge  constructed,  one  should  go  to  a  blacksmith  and  not 
to  a  machine  shop.  The  size  of  the  rectangle  forming  the  frame  will 
differ  accx)rding  to  the  necessities  of  the  case.  If  the  dredge  is  to  be 
used  in  a  small  boat  in  shallow  water,  it  may  be  smtdler  and  lighter 
than  if  it  is  to  be  used  in  a  larger  vessel,  a  sail-boat  or  by  the  aid  of 
steam.  The  average  dredge,  for  mcwierate,  depths  of  wat*^.r  to  be  use<l  in 
a  row  boat,  should  be  made  of  half-inch  bar  iron.  The  bar  should  be 
about  three  inches  in  width,  and  its  length  should  correspond  to  the 
total  circumference  of  the  rectangle  to  be  maile,  with  a  small  allowance 
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for  welding.  The  hoU^s  for  the  rivets  are  to  be  made  and  the  beveling 
of  the  upper  and  lower  edges  is  to  be  done  by  the  smith  before  he  bends 
liis  bar  into  a  rectangle.  After  the  rivet-holes  have  been  punched,  and 
the  edge  properly  fashioned,  two  half-inch  holes  should  b<*  nmde  in  that 
portion  of  the  bar  intended  to  form  the  vertical  sides  of  the  *frame. 
These  holes  are  intended  for  the  arms.  After  all  the  holes  have  been 
punched,  the  bar  may  then  be  bent  into  the  proposed  rectangle  and  the 
ends  welded  solidly  together.  A  convenient  form  is  20  inches  from  side 
to  side,  and  5  inches  in  height.  The  arms  should  be  made  of  nail-rod 
and  inserted  in  the  holes  which  have  beenmjule  for  them,  but  the  circle 
which  the  ends  describe  through  these  holes,  inclosing  the  front  i^i\g:e 
of  the  frame,  should  be  sufficiently  large  to  allow  the  arms  complete 
freedom  of  motion.  The  form  of  the  arms  will  b(»  seen  from  the  figure. 
When  in  use  they  should  form  with  tln^  frame  an  equUateral  triangle. 
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The  ring  at  the  front  end  of  each  arm  should  be  bent  vertically  so  that 
when  the  two  arms  are  brought  together  in  front  of  the  dredge  the  two 
rings  will  be  exactly  opposite,  and  lie  tiat  against  each  other.  For  the 
galvanized  iron  a  strip  about  2  inches  in  width  is  sufficient.  This  also 
should  have  the  holes  for  the  lacing  punched  into  it  and  filed  smooth 
before  it  is  riveted  to  the  frame,  as  it  is  much  more  difficult  to  do  it 
afterward. 

Suitable  nets  made  expressly  for  dredges  can  be  obtained  from  the 
Gloucester  Net  and  Twine  Company,  Boston,  Mass.,  or  from  any  other 
manufacturers  of  nets.  The  net  when  dry  is  usually  about  2  feet  long; 
the  meshes  of  the  front  part  of  it  about  half  an  inch  in  diameter.  The 
bottom  of  the  bag  has  smaller  meshes,  and  is  usually  made  double,  or 
with  double  twines.  Various  sizes  can  be  had  to  fit  the  dredge  by 
mentioning  the  size  of  the  frame  in  the  order. 

In  deep-sea  dredges,  used  by  steam,  it  has  sometimes  been  found  that 
when  the  dredge  first  reached  the  bottom  it  cut  so  deep  into  the  soft 
mud  as  to  fill  itself  full  at  once,  thereby  preventing  anything  else  from 
getting  in.  This  difficulty  was  remedied  by  fitting  a  pair  of  wooden 
runners  to  the  sides  of  the  dredge,  which  would  not  allow  the  edge  of 
the  dredge  to  cut  into  the  bottom  until  it  had  assumed  a  horizontal 
position.  Jn  ordinary  dredging  no  precaution  of  tliis  sort  is  necessary, 
since  the  dredger  after  a  little  experience  will  learn  to  regulate  the 
length  of  the  line  and  the  position  of  the  dredge  for  himself. 

In  attaching  the  dredge  to  the  line  it  is  usual  to  have  a  short  pie<5e 
of  rope  permanently  attached  to  the  frame.  This  rope  may  be  10  or  15 
feet  long.  The  front  end  is  spliced  to  form  a  loop  about  6  inches  long. 
Into  this  loop  the  long  dre4ge-line  can  be  knotted  when  it  is  needed  for 
use.  The  other  end  of  the  short  rope  is  passed  through  one  of  the  rings  at 
the  front  end  of  one  of  the  arms,  then  along  the  arm  to  one  of  the 
rings  by  which  the  arm  is  attached  to  the  frame.  Here  the  line  is  sol- 
idly fastened.  When  in  use,  the  front  ring  of  the  other  arm  is  attached 
to  the  opposite  ring,  through  which  the  short  rope  passes,  by  means  of 
a  piece  of  ordinary  twine,  and  it  will  be  observed  that  the  rope  in  no 
case  should  pass  through  both  the  front  rings  of  the  two  arms.  Tlds  is 
because  it  frequently  happens  that  a  dredge  on  the  bottom  may  catch 
upon  a  bowlder  or  on  other  obstructions  too  heavy  to  be  moved.  If  the 
rope  passed  through  both  arms  of  the  dredge,  the  latter  could  not  be 
raised,  and  therefore,  with  the  line  attached  to  it,  would  be  lost.  But 
when  one  of  the  rings  only  is  tied  with  twine,  by  pulling  hard  upon  the 
line  the  twine  may  be  broken,  and  the  two  arms  of  the  dredge  will  pull 
out  straight  and  the  latter  may  be  recovered  without  damage. 

In  order  to  prevent  the  dredge  from  being  raised  above  the  surface  of 
the  bottom  at  its  front  edge  by  the  inclination  of  the  line  to  which  it  is 
attached,  it  is  usual  to  attat^h  a  weight  to  the  line  some  distance  in 
front  of  the  dredge,  which  makes  the  part  of  the  rope  behind  that  weight 
assume  a  more  horizontal  position.  A  convenient  weight  for  this  purpose 
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isa  heavy  sasb-weight  (A,  Fig.  6)  such  as  is  used  for  windows  by  builders. 
Tlie  size  to  be  used  will  depend  upon  the  depth  of  water  in  which  work 
is  to  be  done,  but  a  10-pound  weight  is  suHicient  for  ordinary  purposes. 
It  will  be  found  convenient  to  roll  the  weight  up  in  a  strip  of  old  can- 
vas, and  have  it  sewed  securely,  leaving  some  of  the  canvas  in  front 
and  behind  the  two  emls  of  the  weight.  This  can  then  be  sewed  se- 
curely to  the  line  with  stout  twine  and  will  not  require  to  be  tjiken  off. 
The  author  has  found  that  in  depths  not  exceeding  20  fathoms  it  was 
sufficient  to  attach  the  weight  to  the  short  line  fixed  to  the  dredge,  just 
behind  the  point  where  the  short  line  is  attached  to  the  long  dredge 
line.  For  greater  depths  of  water  it  should  be  placed  further  in  ad- 
vance, and  in  deep-sea  dredging  at  a  considerable  distance,  owing  to 
the  great  length  of  the  line  used.  For  the  latter  work  a  weight  of  50 
to  100  pounds  is  sometimes  needed. 

ON  THK  rsK  OF  A  DREDGE  IN  A  ROW  BOAT. 

Unless  the  dredge  is  very  light  and  the  water  shallow,  it  is  better  to 
have  two  hands  to  pull  the  boat.    The  boat  should  be  stout  and  steady, 
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sufficiently  large  to  hold  its  own  well  in  the  water  and  sufficiently 
heavy  to  avoid  being  anchored  by  the  dredge  when  it  touches  the  bot- 
tom. For  most  i)urposes  one  of  those  heavy  boats  used  on  sailing  ves- 
sels, known  hh  a  shiji's  dingey,  is  perhaps  the  most  suitable.  Tlie 
ordinary  small  light  row  boat,  used  for  pleasure,  is  ill-suited  for  dredg- 
ing purposes.  There  should  be  at  the  back  end  of  the  boat  a  suffi- 
ciently solid  s(»at  for  the  dredger  to  brace  his  feet  against  while  standing 
up  in  charge  of  the  dredge  rope.  It  is  advisable  also  to  have  room 
enough  between  the  stroke  oar  and  the  dredger  to  set  a  tub  for  the 
purpose  of  holding  the  dredgings.  It  will  also  be  found  more  convenient 
for  each  man,  if  two  are  employed,  to  pull  a  single  oar  rather  than  two. 
On  getting  to  the  dredging  grounds,  the  dredger,  after  making  sure 
that  his  line  is  clear,  tVee  froni  knots  and  twists,  and  securely  fastened 
to  the  dredge,  that  the  net  in  the  dredge  is  not  turned  inside  out,  but 
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ia  iti  its  proper  positiou,  aud  tliat  the  cauvivs  striiis  .are  Htraiglttciicd 
oat  behind  the  frame,  can  proceed  to  do  hU  work.  The  <lnjdge  should 
be  put  over  the  stern,  the  rudder  having  been  imshtpi>ed,  and  allowed 
to  sink  gradually,  the  line  being  paid  out  quickly  enoug;li  to  allow  the 
frame  to  sink  faster  than  the  canviis  attached  to  it.  In  this  way  fou!< 
iiig  will  be  avoided.  The  boat  is  better  stationary  while  the  dredge  is 
l>oing  dropped.  The  long  line  used  for  tlie  dredge  is  best  of  good  soft 
inauilarope,  about  three  quarters  of  an  inch  in  diameter.  It  should  be 
coiled  two  or  three  times  before  beingusud,  to  tiike  out  kinkr:.  Although 
a  smaller  line  will  do  for  shallow  water,  it  ia  less  convenient  to  handle. 
If  the  depth  is  considerable  and  the  dredger  supplied  with  only  a 
moderate  amount  of  line,  it  is  perhajts  best  to  Cisten  the  inner  end  of 
the  long  line  to  one  of  the  thwarts  to  avoid  its  lieing  jerked  overboard 
by  accident.  When  the  dreilge  is  felt  to  touch  the  bottom,  the  men  can 
begin  pulling  slowly.  The  dredger  will  pay  out  lino  enough  in  shallow 
water  to  the  amount  of  at  least  twiec  the  depth ;  in  deei>cr  water  three 
times  the  depth  may  be  needed.  After  some  experience  the  dre<iger 
will  And  that  no  absolute  rnle  in  this  matter  can  be  laid  down;  that  he 
will  need  a  shorter  line  on  muddy  bottom  than  on  hard  bottom,  in 
shallow  water  than  in  deep  water,  and  that  ha  may  tind  it  convenient, 
&om  time  to  time,  to  alt«r  the  amount  of  line  paid  out  t^i  meet  the  cir- 
cumstances of  the  case.  After  the  necessary  line  has  been  paid  out 
the  dredger  will  allow  it  to  i)aa8  over  the  stern  of  the  boat  in  the  notch 
cut  for  the  sculling  oar,  since,  if  the  line  is  not  amidships,  it  will  l>e 
impossible  for  the  men  pulling  the  boat  to  pull  straight  forward.  A 
turn  may  be  taken  around  a  cleat  with  the  line,  bat  the  di-edgcr  should 
take  bold  of  the  line  outside  of  tlie  cleiit  with  his  hand,  and  continue 
to  hold  it.  lie  will  soon  be  able  to  recognize  by  the  feeling  of  the  line 
whether  the  dredge  is  passing  over  smooth  bottom  or  rtmgh  bottom, 
whether  it  is  biting  into  the  bottom  or  not,  and  so  on.  If,  after  stall- 
ing, the  line  remains  quiet  in  the  hand  without  traasuutting  any  quiver- 
ing motions,  the  dredge  is  probably  not  on  the  bottom,  and  more  line 
requires  to  be  paid  out;  or,  if  it  is  on  the  bottom,  it  is  i>o8siblu  tiiat  it 
may  have  become  fouleil  so  that  nothing  is  getting  into  it.  When  it  is 
doing  its  duty,  the  dredger  can  not  fail  to  perceive  tlie  {leculiar  sensa- 
tious  which  are  transmitted  along  the  line.  If  the  dre<lge  catches  on 
anything  which  holds  it,  one  or  two  quick  Jerks  on  the  line  will  pnibably 

release  it.    The  lengtli  of  time  that  the  dredge  siiould  be  tuweil 

with  the  conditions.  On  gravelly  bottom,  mixed  with  mud,  a  coi 
tively  short  time  will  be  necessary  to  All  the  dredge,  when  it  i 
haaled  in.  On  sandy  bottom,  if  it  lie  not  rich  with  hfe,  the  dred| 
he  hauled  for  a  long  time  before  it  Jiccumulates  any  considerable  8 
of  material.  All  these  things  can  be  only  briefly  referred  to  hen 
they  are  much  better  learned  by  fcxperience.  When  the  dredger 
the  time  has  come  for  hauling  in,  the  rowers  cease  pulling,  and  In 
in  the  hue  until  the  dredge  is  on  the  top  of  the  water ;  but  before 
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it  over  tlic  edge  of  the  boat,  it  is  usually  well  to  look  iuto  the  mouth  of 
the  dredge  to  see  if  any  very  delicate  specimens  are  there.  When  the 
dredge  is  emptied  these  would  naturally  be  under  everything  else,  and 
it  would  be  better  to  take  them  out,  if  present,  before  emptying  the 
dredge.  The  dredge  can  be  emi)tied  directly  into  the  tub  in  the  boat 
if  it  ci^ntains  material  which  needs  to  be  carefully  examined.  If,  on  the 
other  hand,  the  contents  are  chiefly  mud,  it  will  be  convenient  to  move 
it  up  and  down  in  the  wat^r  outside  of  the  boat,  and  thus  wash  away 
a  portion  at  least  of  the  nmd  before  taking  it  in.  The  dredger  should 
take  a  note  of  the  depth  of  tlie  water  in  which  the  haul  was  made,  which 
must  necessarily  be  averaged ;  of  the  kind  of  bottom — muddy,  sandy, 
gravelly,  or  weedy — and  of  the  date.  The  writer  has  found  it  conven- 
ient to  go  out  supplied  with  a  number  of  nested  wooden  tubs,  such  as 
are  sold  for  household  puriK)ses.  The  contents  of  the  dredge  after 
each  haul  can  be  put  iuto  a  tub  by  itself.  After  all  of  the  tubs  are 
filled,  it  will  be  well  to  examine  the  contcmts  in  order  to  avoid  carrying 
around  useless  material.  If  the  dredger  is  near  shore  the  most  con- 
venient way  is  to  pull  to  the  beach,  provided  there  is  no  surf.  Being 
provided  with  a  wire  sieve,  of  about  a  quarter-inch  mesh,  mud  and  fine 
gravel  can  be  screened  and  the  contents  placed  in  jars,  tin  pails,  or 
other  receptacles,  with  the  memorandum  of  the  haul,  so  that  no  mis- 
takes shall  afterward  be  made  in  regard  to  the  locality. 

The  proper  method  of  using  the  sieve  is  to  fill  one  of  the  tubs  with 
water,  then  place  some  of  the  mud  upon  the  sieve,  which  should  be 
about  one- half  submerged,  so  that  water  will  enter  it  to  about  one-half 
the  height  of  tlie  rim  of  the  sieve,  yet  not  so  deei)  that  the  contents  of 
the  sieve  can  be  washed  over  the  rim.  By  using  a  rotary  motion  it  wU) 
soon  be  found  very  easy  to  wash  a  considerable  quantity  of  mud  in  a 
short  time.  In  washing,  tlie  dredger  will  observe  whether  there  are 
small  shells  or  other  objects  so  small  as  to  go  through  the  meshes.  In 
case  he  finds  this  to  be  so,  after  he  has  washed  out  a  certain  quantity 
of  mud,  he  can  pour  off  gently  the  muddy  water  in  the  tub,  and  replace 
it  by  clean  water,  and  by  doing  this  repeateiily  before  the  mud  has 
time  to  settle  he  will  find  the  small  vshells  tolerably  clean  at  the  bottom 
of  the  tub.  If  forauiinifera  or  other  microscopic  objects  are  desired, 
it  will  be  necessary  to  preserve  some  of  the  mud,  either  in  a  wet  or  dry 
condition,  for  examination  at  home.  If  the  contents  of  the  dredge  are 
not  muddy,  much  less  trouble  is  necessary  in  handling  them.  The 
richest  bottom  is  usually  gravelly,  and  this  can  be  washed  in  the  dredge 
itself  before  it  is  taken  into  the  boat.  Usually  it  Avill  pay  the  dredger 
to  take  his  tub  of  gravel  home  and  examine  it  at  leisure,  since  the 
necessary  care  can  rarely  be  given  in  the  midst  of  the  operations  of 
dredging.  If,  as  sometimes  happens,  the  dredge  comes  up  nearly  filled 
Avith  pieces  of  kelp,  or  rolls  of  seaweed,  these  shcmld  not  be  hastily 
thrown  overboard,  since  many  animals  live  in  and  upon  the  fronds  of 
weeds,  and  a  careful  examination  will  almost  always  repay  the  dredger 
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very  well.  When  the  dredge  is  emptied,  the  net  should  be  turned 
inside  out  before  it  is  returned  to  the  bottom,  and  thoroughly  washed, 
so  that  animals  obtained  at  one  haul  shall  not  accidentally  become 
mixed  with  those  of  the  next. 

THE   USE   OP  THE  DREDGE  WITH   A   SAILBOAT. 

In  dredging  from  a  sailboat  deeper  water  can  be  reached  than  is 
convenient  with  a  row  boat.  A  person  unaccustomed  to  the  use  of  a 
saUboat  will  And  it  necessary  to  obtain  the  services  of  some  one  who 
is,  since  the  management  of  a  boat  of  this  kind  hampered  by  the  weight 
of  a  dredge  and  line  is  no  easy  matter.  If  supplied  with  a  competent 
sailing-master  the  method  of  work  will  differ  little  from  that  used  in  a 
row  boat,  except  that  the  direction  in  which  dredging  can  be  done  will 
be  limited  by  the  direction  of  the  wind,  and,  by  way  of  compensation, 
a  much  larger  space  of  bottom  can  be  dredged  over  in  the  same  time. 

Use  of  the  traicl  net. — In  collecting  with  a  sailboat  it  will  often  be 
found  advantageous  to  make  use  of  a  trawl.  The  ordinary  trawl  con- 
sists of  an  iron  frame  somewhat  like  the  two  runners  of  a  sled,  fastened 
to  each  other  by  a  heavy  bar  of  iron,  to  which  a  large  net  is  attached. 
The  lower  edge  of  the  net  in  front  is  weighted  with  oblong  leaden 
sinkers,  so  as  to  drag  upon  the  bottom,  A  trawl  of  this  kind  is  much 
used  by  fishermen,  and  sometimes  in  obtaining  oysters.  Such  a  trawl, 
though  the  coarseness  of  the  meshes  renders  it  unfit  to  collecfc  minute 
material,  will  nevertheless  frequently  bring  up  dead  shells,  stones,  and 
other  objects  of  larger  size  covered  with  sessile  animal  life,  together 
with  large-sized  mollusks,  and  in  this  way  specimens  may  be  obtained 
which  it  would  be  difficult  to  obtain  by  means  of  a  small  dredge.  The 
improved  trawl  used  in  deep-sea  dredging  will  be  found  described  in 
works  on  deep-sea  dredging,  to  which  reference  has  already  been  made. 
In  case  the  collector  has  an  opportunity  to  accompany  a  fishing  vessel 
on  a  trawling  expedition  he  may  obtain  interesting  forms  which  are 
brought  up  with  the  fish  and  other  commercial  products  of  the  sea. 

1%^  traicl  line. — Line  fishermen  use  the  word  trawl  in  another  sense, 
applying  it  to  a  line  buoyed  at  ejich  end,  to  which  baited  hooks  are 
attacheil  at  short  intervals,  and  which  is  set  for  fish.  On  this  sort  of  a 
trawl,  or,  more  proi)erly,  trawl  line,  large  carnivorous  mollusks  frequently 
attack  the  bait,  and  when  the  fisherman  examines  his  line,  are  often 
found  sticking  to  it.  A  species  which  can  not  be  dredged,  owing  to  the 
irregular  and  rocky  character  of  the  bottom,  may  sometimes  be  obtained 
by  making  arrangements  with  fishermen  to  save  the  shellfish  which 
they  find  attached  to  their  trawls. 

The  baited  net. — Another  mode  of  collecting,  which  is  available  for 
l)er8on8  having  the  use  of  a  boat,  over  bottom  which  does  not  admit 
the  use  of  the  dredge  or  trawl  net  on  account  of  its  irregularity,  is  by 
means  of  a  net  such  as  is  ordinarily  termed  a  crab  net  by  fishermen. 
Such  a  net  is  circular  and  attached  to  a  large  wooden  hoop  from  6  to 
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10  feet  in  diameter,  according  to  the  size  of  the  net,  and  stretched 
with  very  little  slack,  so  that  when  the  hoop  is  held  horizontally  the 
net  will  not  fall  below  it  more  than  a  foot  or  two  at  most.  This  hoop 
is  attached  by  four  cords,  fastened  to  it  and  meeting  over  the  center  of 
the  net  at  a  distance  of  6  or  8  feet  from  the  hoop,  to  a  line  of  sufficient 
length  to  reach  the  bottom,  which  is  supplied  with  a  small  buoy  at  the 
surface.  In  the  center  of  the  net  a  bait  is  tied,  preferably  of  dead  and 
even  partially  decayed  tish  or  flesh,  since  the  carnivorous  moUasks  are 
apt  to  be  attracted  by  the  odor  of  any  decaying  animal  matter.  The 
net  can  be  put  down  and  left  a  convenient  length  of  time  and  then 
hauled  up.  This  should  be  done  very  carefully,  so  that  the  net  will 
keep  as  nearly  as  possible  in  a  horizontal  position,  and  if  any  mollusks 
have  crawled  upon  it  to  get  at  tlie  bait  they  will  be  found  in  the  slack 
of  the  net  when  it  reaches  the  surface.  If  the  net  is  hauled  up  incau- 
tiously, so  as  to  turn  it  over  or  tip  it  sidewise  to  an  inconvenient  angle, 
of  course  the  collector  is  likely  to  lose  whatever  may  be  upon  it.  In 
the  writer's  experience  the  most  i)roductive  time  for  the  use  of  such 
nets  is  at  night,  and  it  will  be  often  found  advisable  to  put  the  net 
down  in  the  evening  and  raise  it  early  in  the  following  morning,  when 
the  results  will  be  usually  found  more  satisfactory  than  if  the  net  has 
been  merely  allowed  to  remain  on  the  bottom  during  the  hours  of  day- 
light. In  northern  waters  the  collector  is  sometimes  disappointed  by 
the  voracity  of  isopod  crustaeea,  which  appear  in  such  swarms  as  to 
devour  the  bait  in  short  order. 

STEAM  DUEDGING. 

If  the  collector  lives  near  one  of  the  larger  cities,  where  small  tug- 
boats can  be  had  for  moderate  hire  and  good  dredging  grounds  are  not 
too  far  off,  it  will  be  found  profitable  to  obtain  the  use  of  a  tug  on  some 
convenient  occasion,  since  dredging  by  steam  is  far  more  effective,  more 
ra^pid,  and  more  easy  tluin  by  any  other  method.  The  handling  of  the 
dredge  is  practically  the  same  whatever  power  be  used  to  drag  it,  but 
the  use  of  a  tugboat  reduces  the  inconveniences  to  a  minimum  and 
enables  the  coUector  to  go  over  more  ground  in  the  same  time  than  can 
be  covered  by  any  other  method.  A  search  for  suitable  dredging 
grounds  will  require  some  experience  and  time.  Usually  grounds 
fonnd  available  for  ordinary  line-fishing,  if  the  wat-er  is  not  too  deep, 
will  be  profitable  for  dredging,  unless  the  bottom  be  very  rocky  and 
irregular.  Inquiry  of  fishermen  and  watermen  will  often  save  a  col- 
lector time  and  trouble,  for  such  men  are  familiar  with  the  grounds 
over  which  they  are  accustomed  to  fish  and  can  designate  the  particu- 
lar kind  of  bottom  from  long  experience. 

OUTFIT. 

Besides  the  coarse  sieve  already  mentioned  the  collector  may,  if  he 
likes,  provide  himself  with  a  finer  sieve  for  sifting  fine  sand  and  mud 
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which  has  already  been  ptxsst'd  through  the  (toarse  sieve,  but  in  practice 
the  writer  ha.s  not  found  this  necessary.  Most  of  the  text-books  dii*ect 
a  collector  to  have  two  sieves,  one  fitting  into  tha  other,  the  one  coarser 
and  the  other  finer;  but,  in  the  opinion  of  the  writer,  this  is  not  only 
unnecessary,  but  objectionable.  Aft<ir  trying  sieves  fitte<l  in  this  manner 
he  has  hiid  no  satisfactory  results.  The  motion  of  the  sieve  and  the 
friction  necessary  to  pass  material  through  it  are  injurious  to  delicate 
specimens  and  should  be  reduced  to  a  mininnim.  If  the  material  being 
sift<?d  is  shaken  and  riddled  thnmgh  two  sieves  at  once,  without  refer- 
ence to  its  character,  nothing  of  a  delicate  nature  is  likely  to  survive 
the  process,  audit  is  always  better  before  sifting  any  of  the  material  to 
look  it  over  to  some  extent  and  to  pick  out  such  specimens  as  may  be 
noted  in  order  to  save  the  injury  to  which  they  are  liable  if  they  are 
put  into  the  sieve.  Delicat<3  objects,  like  naked  moUusks,  would  be 
mined  by  being  sifted;  in  fjMjt,  if  possible,  they  should  be  taken  out  of 
the  dredge  or  landing-net  and  put  inunediately  into  separate  cups  of 
salt  water  until  the  collector  is  rejwly  to  prei)are  tliem  for  preservation. 
Similar  care  may  be  needed  for  other  delicate  objects,  and  for  this  pur- 
pose it  may  be  convenient  for  the  collect<)r  to  provide  himself  with  an 
ordinary  box,  like  a  candle  box,  to  which  the  lid  has  been  attached  with 
leather  or  other  hinges,  and  anamd  the  sicles  of  which,  inside,  a  strip 
or  two  of  leather  has  been  nailed,  leaving  loops  large  enough  to  fit  a 
number  of  wide  mouthed  glass  bottles.  These  bottles  may  be  filled 
with  sea  water  and  will  serve  to  preserve  temi»orarily  the  objects  which 
the  collector  may  desire  to  proti^^t  from  injury  or  to  study  in  a  living 
stat4*.  A  more  troublesome,  but  perhaps  more  elegant,  manner  of  reach- 
ing the  same  end  is  to  have  a  thin  drawer  or  shelf  fitting  tlie  inside  of 
the  l>ox  and  supported  by  a  ledge  on  cither  end  at  a  i)roi)er  height,  in 
which  shelf  circular  holes  have  been  cut  fitting  the  jars  or  bottles  used 
for  this  purpose.  A  landing  net,  such  as  has  been  previously  described, 
would  also  be  convenient  on  some  occasions,  and  the  outfit  of  tubs  has 
alrea^ly  been  spoken  of.  A  bucket  or  water  i)ail,  especially  one  with  a 
nozzle,  will  be  found  convenient  in  dipping  u\)  and  ix)uring  salt  water 
for  washing  the  collections. 

When  the  dredger  returns  from  an  outing  the  dredge  should  be 
thoroughly  cleaned  and  hung  u[)  where  the  air  can  get  at  it,  so  that  it 
will  dry  thonmghly  and  the  net  and  fla])S  will  not  rest  anywhere  upon 
the  iron  frame.  By  following  thc^se  simple  precautions  a  single  net  can 
be  niaile  to  last  a  long  time,  but  if  rolled  uj)  while  moist,  or  kept  in  a 
moist  place,  the  net  will  often  mildew  and  bec^ome  worthless.  These 
hints  will  be  sufficient  to  start  a  collector  in  his  dredging  work.  Each 
man,  after  some  experience,  will  work  out  methods  of  his  own  or  invent 
labor-saving  devices  or  conveniences  for  use  in  his  dredging  work.  All 
that  the  writer  undertakes  to  do  in  the  present  case  is  barely  to  outline 
the  mode  of  operations. 
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ON   THE   USE   OF   THE   TOWING   NET. 

The  tcnniig  net  is  an  jujcessory  to  tlie  collector's  outfit  whidi  some- 
times produces  very  desirable  results  in  the  way  of  collections.  This  can 
be  used  but  little,  except  Avith  a  sailing  vessel.  The  frame  of  the  towing 
net  is  a  circle  of  brass  wire  with  four  small  loops  of  wire  attached  to  it 
solidly,  at  equal  distances  apart  (Fi^s.  7  and  8).  To  the  frame  is  sewed 
a  net  made  of  cheese  cloth,  moscpiito  netting,  or,  preferably,  of  bobbinet. 
The  bonier  of  the  nt^t,  which  is  to  be  sewed  over  the  bniss  ring,  is  best 
made  of  ordinarv  cotton  doth  doubled  and  sewed  over  the  wire.  Be- 
tween  the  dcmbled  hinder  edges  of  the  cotton  the  bobbinet  or  mosquito 
netting  may  be  fastened  so  as  to  form  a  (ronical  net  of  the  diameter  of 
the  ring  and  about  2  feet  in  length.  If  the  netting  is  seweil  dire^rtly 
over  the  wire  it  will  give  way  much  sooner  than  if  cotton  cloth  is  used 
for  this  part  of  it.  To  the  loops  referred  to  four  small  cords,  ordinary 
cod  line  being  a  desirable  size  for  the  purj)ose,  are  securely  fastened 
and  knotted  together  in  front  of  the  ring,  nt  a  distance  of  about  3  feet. 


c 


FitiS.  7  and  8.— Towing  m*l  liii^. 

Care  should  be  taken  that  they  are  exactly  of  tiie  same  length,  so  that 
when  the  net  is  suspended  by  the  knot  at  that  junction  the  ring  will 
hang  i)erfectly  horiz(mtal.  In  front  of  the  knot  is  aitiu^hed  a  line  of 
suitable  length,  which  may  also  be  cod  line,  and  this  is  made  fast  to  the 
rail  of  the  vessel.  A  sufticient  aniiuint  of  line  is  paid  out  to  enable  the 
net  to  drag  evenly  at  the  surface,  with  a  sniall  jmrtiou  of  the  ring  show- 
ing above  the  water.  If  too  little  line  is  paid  out  the  net  will  jump  and 
will  not  sink  deeply  enough  to  be  of  much  service.  If  too  much  line  is 
given  to  it  it  will  sink  too  deep  and  lose  those  organisms  which  have 
the  habit  of  floating  on  the  surface.  It  is  better  to  attach  the  towing 
net  to  the  vessel's  quart(*r  rather  than  <lirectly  over  the  rudder,  since 
refuse  thrown  overboard  is  very  apt  to  drift  in  the  ship's  wake,  and,  if 
the  net  is  towing  directly  aft,  to  drift  into  it.  If  the  vessel  is  gi)ing  at 
a  moderate  rate  of  speed  there  will  be  no  ditliculty  in  using  the  towing 
net.  A  little  experience  will  show  whether  the  circumstances  are  favor- 
able for  its  use  or  not. 
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The  mollusks  obtained  by  use  of  the  net  are  chiefly  larval  forms  of 
gastropods,  wliich  float  on  the  surface  until  they  reacli  a  more  advanced 
stage  of  development — lauthina,  pteropods,  and  the  so-called  hetero- 
pods.  True  pelagic  organisms  are  usually  not  found  very  near  the  shore, 
unless  some  ocean  current  strikes  in  toward  the  shore  in  the  vicinity, 
but  on  short  voyages,  or  long  ones,  large  numbers  of  extremely  in- 
t4*resting  and  usually  very  rare  species  may  be  obtained  in  this  way. 
The  length  of  time  the  net  should  be  left  over  will  depend  upon  the 
weather  and  upon  the  region  traversed.  In  the  tropics  a  short  time 
will  tifford  good  results.  In  northern  seas  the  net  may  sometimes  tow 
for  hours  without  many  specimens  being  obtained.  The  most  favorable 
time  for  its  use  is  from  a  little  before  sunset  to  a  short  time  after  sun- 
set, since  many  of  these  creatures  seem  to  have  the  habit  of  coming  to 
the  surface  at  that  time  of  the  day  and  remaining  at  greater  depths 
during  the  rest  of  the  twenty-four  hours.  At  the  same  time  it  may  be 
noted  that  towing  done  at  almost  any  time  of  day  may  produce  good 
results,  for  all  of  the  species  do  not  have  the  crepuscular  liabit. 

Many  of  these  animals  may  be  obtained  alive,  put  into  a  tumbler  of 
sea  water,  and  preserved  in  a  living  state  tor  a  day  or  two  at  a  time  if 
the  water  is  kept  fresh.  It  is  desirable  that  water-color  sketches  show- 
ing the  form  and  coloration  of  these  i>elagic  organisms  slumld  be  made 
from  life,  as  their  tissues  are  very  (contractile  and  when  preserved  in 
alcohol  shrink  irregularly,  so  that  the  normal  form  is  difficult  to  make 
out.  With  these  mollusks  will  be  obtained  many  curious  crustiiceans, 
and  occjisionally  pelagic  fish  or  tish  larvje  and  pelagic  animals  like 
Halpa  and  various  medusfe,  most  of  which  are  never  found  near  shore. 
Several  naturalists  have  experimented  with  towing  nets  which  were 
made  to  be  sunk  below  the  surface,  closing  by  a  peculiar  mechanism,  so 
that  at  a  given  depth  they  could  be  opened  in  order  to  obtain  animals 
proper  only  to  that  particular  depth.  These  experiments,  however, 
belong  rather  to  the  domain  of  deep-sea  dredging  and  collecting,  for 
information  in  regard  to  which  the  inquirer  is  referred  to  the  works 
previously  cited. 

PRESEEVATION  AND  PREPARATION  OP  COLLECTIONS. 

After  the  collector  has  brought  home  the  spoils  of  his  excursion  there 
is  still  a  good  deal  to  be  done  before  the  wet  and  dirty  shells,  covered 
vnth  pariisitic  growths  or  inhabited  either  by  the  original  moUusk  or 
some  hermit  crab,  will  be  ready  to  be  placed  in  the  (*abinet.  Some  of 
them,  if  living,  may  find  a  temporary  place  in  an  aquarium  for  the  study 
of  their  habits,  but,  for  the  most  part,  the  collector  will  wish  to  prepare 
bis  specimens  either  for  anatomical  use  in  the  future  or  as  dry  speci- 
mens for  hisx^abinet.  The  preparation  of  molhisks  for  anatomical  pur- 
poses has  been  described  in  a  special  chapter  of  these  instructions. 
For  ordinary  rough  work  nothing  is  better  than  clean  90  per  cent  alco- 
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hol,  diluted  with  a  proper  proi)orti(>u  of  water.  If  the  specimens  are 
hirge  they  shouhl  first  be  put  into  a  jar  kept  for  that  special  purpose, 
in  which  the  alcohol  is  comparatively  weak,  having,  say,  50  per  cent  of 
water  added  to  it.  Atler  the  immersion  of  specimens  in  this  jar  for 
several  days  the  fluids  will  have  been  extracUnl  by  the  alcohol,  and  a 
specimen  can  then  be  removed,  washed  clean  of  mucus  and  dirt,  which 
will  almost  always  be  found  about  the  aperture  of  a  spiral  shell,  and 
placed  in  its  own  proper  jar  of  90  per  cent  ah^ohol  diluted  in  the  pro- 
portion of  about  30  per  cent  with  pure  watc»T.  Specimens  to  be  pre- 
pared for  the  cabinet  retiuire  the  removal  of  the  soft  parts  if  they  are 
still  present,  the  cleaning  oft*  of  parasitic  or  incrusting  growths,  and,  in 
the  case  of  bivalves,  sexmring  the  valves  in  a  convenient  position  for 
the  cabinet.  The  different  classes  of  shells  may  be  treated  of  under 
several  heads. 

LAND   AND   FUESU-WATER  SHELLS. 

Land  and  fresh- water  shells  are  much  more  easy  to  deal  with  than 
marine  shells.  In  the  case  of  spiral  shells,  such  as  Limnwa^  Planorhis, 
Paludinuj  eto.,  the  shell  may  first  be  washed  cl(»an  of  mud  or  comfer- 
void  growth,  which  may  be  conveniently  done  with  the  jissistance  of 
an  old  tooth  or  nail  brush.  In  the  case  of  thest*  forms  the  eiisiest  way 
to  remove  the  soft  parts  is  to  phw*.e  the  shell  for  twenty-four  h(mrs  in 
weak  alcohol,  after  which  those  parts  can  readily  be  removed;  but  in 
any  case  where  the  expense  of  alcohol  is  an  objtM't  to  be  avoided,  it  will 
be  sufficient  to  place  them  in  a  small  tin  kettle,  or  other  receptacle  suit 
able  for  the  purpose,  and  (M)ver  them  with  cold  water;  which  should 
then  be  slowly  brought  to  the  boiling  point.  As  soim  as  it  has  reached 
the  boiling  point  it  may  be  removed  from  the  fire.  The  shells  should 
not  be  put  into  wat<^.r  alrciidy  boiling,  as  it  frequently  cracks  delicate 
shells,  and  the  sudden  change  of  temperature  injures  their  polish  and 
general  jippearance. 

For  removing  the  soft  parts  from  spiral  shells  the  collector  will 
usually  find  a  crooked  pin  sufti(*ient.  For  this  purpose  one  of  those 
long  steel  pins  used  by  ladies  as  hat  pins  is  convenient.  By  heating 
the  pointed  end  in  the  flame  of  a  candle  or  ahiohol  lamp  the  temper  can 
be  taken  out  of  the  steel,  so  that  it  can  be  readily  bent  into  any  shape 
desired.  Tlu^  proper  form  for  reaching  the  ri4r«acted  parts  in  a  spinil 
shell  will  of  c(mrse  be  a  spiral.  With  a  small  pair  of  plyers,  diffen^ut 
forms  can  be*  experimentcnl  with,  and  those  which  are  most  satisfiuitory 
decided  upon.  After  the  right  foiin  has  b(»en  obtained,  by  heating  the 
pin  again  and  plunging  it  suddenly  into  cold  water  the  temper  of  the 
steel  will  be  measurably  restored  and  the  instrument  ready  for  use. 
Similar  pins  in  their  ordinary  conditi<m  are  cimvenient  for  cleaning  out 
sand  or  parasites  from  the  r(»ce8S(\s  of  sculptured  shells,  and  for  other 
purposes.  The  attachment  of  a  gastropod  to  its  shell  is  at  the  central 
axis  or  pillar  of  the  shell,  usually  from  half  a  turn  to  a  turn  and  a 
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quarter  behind  the  apertures  By  applying  the  pressure  of  the  extractor 
carefully  in  this  vicinity  the  attachment  will  give  way  and  the  extractor 
maybe  withdrawn,  bringiivg  with  it  the  soft  iwrtions  of  the  animal.  In 
Large  and  heavy  shells,  in  which  the  muscular  attachments  are  strong 
and  deep-seated  and  it  is  desired  to  obtain  a  good  hold  of  the  animal 
in  order  to  extract  it  from  the  shell,  ordinary  steel  fish-hooks  may  be 
used.  These  may  be  softened  by  heat,  straightened  out,  and  twisted 
into  a  spiral  of  the  proper  form,  and  retempered.  Then  they  can  be 
securely  fastened  to  small  wooden  handles  by  the  shank  of  the  hook. 
In  this  way  the  barb  of  the  hook  will  assist  in  retaining  the  soft  parts 
on  the  extractor  when  it  is  withdrawn  from  the  shell.  Several  German 
firms  advertise  sets  of  implements  for  cleaning,  cooking,  and  extracting 
the  animals  from  shells  of  mollusks.  but  it  would  seem  to  the  writer 
that  any  person  of  ordinary  intelligence  and  some  little  mechanical 
ingenuity,  such  as  all  naturalists  ^re  expected  to  possess,  should  be 
able  to  provide  himself  with  the  necessary  apparatus  without  purchas- 
ing expensive  paraphernalia  of  this  kind.  Shells  which  have  no  oper- 
culum require  merely  to  be  cleaned  after  the  animal  has  been  removed, 
and  in  the  case  of  land  and  fresh- water  vshells  this  is  usually  a  yery 
simple  matter.  Shells  which  possess  an  operculum  should  retain  it  in 
the  cabinet,  as  it  is  often  of  great  value  in  determining  the  relations  of 
the  si)ecies,  since  the  operculum  is  a  characteristic  feature  in  the  econ- 
omy of  the  animal.  It  should  be  detached  from  the  body  of  the  animal 
after  the  latter  has  been  extracted  from  the  shell,  carefully  washed  and 
cleaned,  and  if  flat  and  horny  may  be  dried  between  two  pieces  of  blot- 
ting paper,  under  a  weight.  This  will  prevent  it  from  becoming  con- 
torted in  the  process  of  drying.  For  removing  the  thick  incrustation 
of  lime  and  peroxide  of  iron  wliich  frequently  forms  upon  fresh-water 
shells,  a  few  tools  resembling  engraver's  tools  or  the  little  chisels  in  use 
by  dentists  for  excavating  teeth  are  very  convenient.  A  suitable  tool, 
however,  can  easily  be  made  by  softening  and  grinding  down  an  old  file 
to  a  triangular  point.  A  little  experience  will  enable  the  collector  to 
become  expert  in  scaling  off  the  objectionable  matter  without  injury  to 
the  surface  of  the  shell. 

Naked  slugs  should  be  preserved  in  alcohol,  after  being  sketched  in 
the  living  state.  Some  of  the  older  naturalists  had  a  way  of  skinning 
slugs,  inflating  and  drying  the  empty  skins  for  preservation  in  their 
collections,  much  as  entomologists  sometimes  treat  caterpillars;  but 
this  ingenious  device  has  nothing  to  recommend  it  to  a  scientific  col- 
lector, even  if  he  has  the  dexterity  to  practice  it.  The  internal  shell 
of  such  slugs  as  Limax  may  be  represented  in  the  collection  if  desired, 
but,  in  any  case,  specimens  should  be  carefully  preserved  in  spirits. 

The  bivalve  shells,  such  as  UniOy  if  taken  alive,  may  be  left  in  the 
sun  for  a  short  time,  when  they  will  usually  open,  and,  the  muscle 
connecting  the  two  valves  being  cut,  the  valves  may  be  cleaned.  It  is 
desirable  for  cabinet  purposes  to  preserve  the  two  valves  in  their 
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natural  position,  attached  to  each  other  by  the  ligament  which  holds 
them  together  in  life.  This  ligament  dries  to  a  very  brittle,  homy 
substance.  Consequently  the  shells  must  be  placed  in  position  when 
fresh,  in  order  to  make  a  success  of  the  operation.  After  cleaning 
away  the  animal  matter  and  thoroughly  washing  the  interior  of  the 
shell,  it  is  a  good  plan  to  note  the  locality  with  a  soft  lead-pencil  upon 
the  shell  itself.  Then  bring  the  two  valves  together  in  their  natural 
position  and  tie  them  in  that  position  with  a  piece  of  tape  or  soft  twine, 
which  should  be  allowed  to  remain  until  the  ligament  is  thoroughly 
dry.  Specimens  prepared  in  this  way  are  more  valuable  for  exchange 
and  more  attractive  to  the  eye  than  those  with  which  less  care  has  been 
taken.  It  is  always  desirable,  however,  to  have  some  specimens  with 
separated  valves  of  every  bivalve  species  in  the  cabinet,  in  order  that 
the  characteristics  of  the  interior  may  be  easily  examined. 

Fresh- water  bivalves  are  usually  covered  with  a  thin  and  highly 
polished,  often  very  elegant,  greenish  or  brownish  epidermis.  Some- 
times the  shell  is  so  thin  that,  in  drying,  the  contracting  epidermis 
splits  and  cracks  the  shelly  portion  so  that  it  becomes  worthless  for 
the  cabinet.  This  often  happens  with  marine  mussels,  but  is  ahnost 
characteristic  of  the  thin  fresh-water  Unionidce.  Various  methods  have 
been  adopted  to  prevent  this  unfortunate  result.  Some  collectors  have 
varnished  their  shells  immediately  after  they  were  obtained.  Others 
have  used  sweet  oil  or  other  oils  in  the  hope  of  keeping  the  epidermis 
in  a  soft  condition.  These  applications  are  all  objectionable  for  one 
reason  or  another,  as  the  first  endeavor  of  the  collector  who  desires 
to  make  a  really  scientific  collection  should  be  to  keep  his  specimens 
as  nearly  as  possible  in  a  perfectly  natural  condition.  The  most  satis- 
factory substance  for  application  to  the  shells  in  question  is  probably 
ordinary  vaseline,  which  should  be  applied  in  very  small  quantities,  so 
that  the  specimen  will  have  no  greasy  feeling  and  will  absorb  the 
vaseline  sufficiently  not  to  become  sticky  to  the  touch.  Glycerine, 
which  has  been  recommended  by  several  collectors,  like  oil,  leaves  the 
surface  sticky  and  offensive  to  the  touch,  besides  rendering  it  liable 
to  catch  everything  in  the  way  of  dust  with  which  it  may  come  in 
contact. 

Very  small  gastropod  shells  need  not  have  the  soft  parts  removed. 
If  they  are  put  into  a  vial  of  alcohol  for  twenty-four  hours,  then  taken 
out  and  allowed  to  dry,  the  soft  parts  will  become  desiccated  without 
any  offensive  odor,  and  they  may  be  placed  in  the  cabinet  without 
further  preparation.  It  may  be  noted,  however,  that  if  the  cabinet 
contains  many  such  shells,  care  should  be  taken  to  guard  against  the 
access  of  mice  and  vermin,  which  are  apt  to  attack  them  in  the  absence 
of  something  more  attractive  in  the  way  of  food.  For  those  shells 
which  possess  an  operculum,  after  the  operculum  has  been  dried  and 
the  shell  cleaned  and  ready  for  the  cabinet  it  is  customary  to  insert  a 

'  '*^  wad  of  raw  cotton,  rolled  so  as  to  fit  the  aperture  snugly,  the 
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outer  surface  of  it  being  touched  with  a  drop  of  mucilage.  The  oper- 
culum can  then  be  laid  upon  this  in  its  natural  position  and  the  muci- 
lage and  cotton  will  retain  it  sp  without  making  it  difficult  to  remove 
for  an  examination  of  the  shell,  if  desired  at  any  time.  For  the  preser- 
vation of  eggs  of  moliusks  when  they  have  a  horny  or  calcareous  shell, 
small  glass  tubes  securely  corked  are  the  best  receptacles.  Most  of 
these  eggs  are  so  small  that  they  may  be  preservexl  in  a  dry  state  or  in 
alcohol  without  trouble,  but  the  eggs  of  some  of  the  tropical  land  snails 
are  so  large  that  it  will  be  necessary  to  drill  a  small  hole  and  extract 
the  fluid  contents  as  if  they  were  bird's  eggs  in  order  to  preserve  them. 
Such  eggs  are  best  preserved  in  alcohol. 

MARINE  SHELLS. 

The  preparation  of  marine  shells  for  the  cabinet  does  not  essentially 
differ  firom  that  required  for  land  or  fresh- water  shells,  except  that  in 
the  marine  shells  the  muscular  system  is  often  much  more  strongly 
develoi)ed  and  the  creatures  themselves  much  larger  than  the  fresh- 
water forms,  and  the  manipulation  is  therefore  somewhat  more  difficult. 
The  marine  forms  are  also  more  apt  to  be  incrusted  with  foreign  bodies, 
bored  by  predatory  sponges,  like  Cliona,  or  even  by  other  moliusks,  or 
perforated  by  certain  annelids  which  have  the  power  to  dissolve  the 
lime  of  which  the  shell  is  composed,  and  in  this  way  secure  a  retreat 
for  themselves. 

Shells  which  do  not  contain  the  living  animal  are  frequently  occu- 
pied by  hermit  crabs  or  by  tubicoious  annelids.  The  latter  fill  up  the 
larger  part  of  the  spire  with  consolidated  sand  or  mud,  in  the  center 
of  which  they  have  their  burrow.  The  hermit  crabs  do  not  add  any- 
thing to  the  shells  which  they  occupy,  but,  on  the  contrary,  by  their  con- 
stant motion  are  apt  to  wear  away  the  axis  or  pillar  of  the  shell,  so 
that  often  a  specimen  of  this  sort  may  be  very  fairly  preserved  and  yet 
on  the  pillar  show  characters  entirely  different  from  those  which  one 
would  discover  in  a  specimen  which  had  never  been  occupied  by  a  crab. 
A  shell  which  the  crab  has  selected  for  its  home  is  often  taken  posses- 
sion of,  as  far  as  the  outside  is  concerned,  by  a  hydractinia,  a  sort  of 
polype,  which  produces  a  horny  or  chitinous  covering  which  is  very 
difficult  to  remove  from  the  shell  to  which  it  is  attached.  As  the  hydrac- 
tinia grows  it  finally  covers  the  whole  shell,  to  some  extent  assumes  its 
form,  and  then,  if  the  creature  has  not  attained  its  full  growth,  this  is 
apt  to  take  place  around  the  edges  of  the  aperture,  which  are  continued 
by  a  sort  of  leathery  prolongation  which  assumes  in  a  rough  wsiy  the 
form  of  a  shell.  The  crab,  when  he  grows  too  large  for  the  shell  in 
which  he  has  ensconced  himself,  is  usually  obliged  to  abandon  it  and 
find  a  larger  one,  which  is  always  a  difficult  and  more  or  less  danger- 
ous operation ;  but  if  his  shell  is  overgrown  by  the  polype  referred  to,  it 
often  happens  that  the  polype  and  the  crab  grow  at  about  an  ecjual  rate, 
80  that  the  latter  finds  himself  protected  and  does  not  have  to  make  a 
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change.  It  is  supposed  that  the  polype  profits  to  some  extent  by  the 
microscopic  animals  attracted  by  the  food  or  excrement  of  the  crab,  so 
that  this  joint  housekeeping  is  mutually  beneficial,  and,  for  such  cases, 
since  the  word  parasite  would  not  be  strictly  accurate,  the  word  com- 
memal  has  been  adopted.  These  modified  shells  often  assume  very  sin- 
gular shapes.  The  polype  is  able  in  tlie  course  of  time  to  entirely  dis- 
solve the  original  calcareous  shell  upon  which  its  growth  began,  so  that 
if  the  spire  be  cut  through  it  would  be  found  throughout  of  a  homy  or 
chitinous  nature.  Some  of  the  older  naturalists  were  deceived  by 
forms  of  this  sort  and  applied  names  to  them,  supposing  that  they  were 
really  moUuscan  shells  of  a  very  peculiar  sort. 

In  removing  the  animal  matter  from  the  shell  of  large  gastropods  it 
will  often  require  a  good  deal  of  time  and  care  to  get  out  all  the  animal 
matter  from  the  spire,  but  it  is  well  worth  while  to  take  the  trouble,  as 
the  presence  of  such  matter  forms  a  constant  attraction  for  museum 
pests  of  all  descriptions.  A  medium- sized  syringe  is  convenient  for 
washing  out  the  spire  of  such  shells.  The  ordinary  marine  gastropods 
maybe  trejited  in  a  general  way  like  the  fresh-water  gastroiK>ds.  There 
are,  however,  abnormal  forms,  especially  among  tropical  species,  wluch 
require  particular  attention.  Some  species  become  afiSxed  to  corals  and 
overgrown  by  them,  retaining  only  a  small  aperture  through  which  the 
sea  water  can  reach  the  prisoner.  Sucli  specimens  are  best  exhibited 
by  retiiining  a  part  of  the  coral  and  cutting  the  rest  away,  showing  at 
once  the  mode  of  occurrence  and  the  form  of  the  covered  shell.  Bor- 
ers are  always  more  difficult  to  handle  and  prepare  for  the  cabinet  than 
other  mollusks.  They  are  usually  more  or  less  modified  for  their  x)eculiar 
mode  of  life,  and  frequently  rely  upon  their  burrow  as  a  protection,  so  that 
the  shell  is  reduced,  relatively  to  the  animal,  t^  a  very  small  size.  Most 
of  these  forms  are  best  kept  in  alcohol.  The  hard  parts  may  properly 
be  represented  in  the  cabinet  by  other  specimens.  Some  of  the  bivalves, 
such  as  the  Americjin  "soft  clam,"  possess  very  long  siphons,  covered 
with  a  homy  epidermis,  and  it  becomes  a  question  as  to  whether  an 
attempt  should  be  ma<le  to  preserve  tliis  epidermis  in  the  cabinet  or 
not.  The  writer  has  seen  very  nicely  prepared  specimens  in  which  the 
fleshy  portions  had  all  been  taken  out  and  replaced  by  cotton,  so  that 
the  epidermis  of  the  siphon  retained  its  original  position  and  form;  but 
such  specimens  are  always  very  delicate*,  easily  broken,  and  liable  to 
att^ack  by  insects,  so  that  it  would  seem  hardly  worth  while  to  go  to  the 
trouble,  when  specimens  may  be  preserved  complete  in  alcohol  showing 
all  the  features  referred  to.  iioriug  shellfish,  like  Pholas^  frequently 
have  accessory  pieces,  which  are  liable  to  be  lost  when  the  soft  parts 
are  removed  unless  care  is  taken  to  avoid  it.  Other  bivalves  have  the 
internal  ligament  reinforced  by  a  shelly  plate,  which  is  called  the  ossi- 
culum. This  is  very  easily  detiiched  and  lost,  and,  being  an  object  of 
great  interest,  special  pains  should  be  taken  to  preserve  it,  even  if  it 
should  become  detached. 
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PRESERVATION   OF   SPECIMENS  RESERVED   FOR  ANATOMICAL  STUDY. 

In  these  days  the  treatment  of  specimens  intended  for  sectionizingor 
dissection  has  become  an  art  in  Itself,  as  the  wonderful  results  in  mor- 
phological work  abundantly  testify.  It  would  be  imi)ossible  to  go  into 
such  matters  in  detail,  but  in  order  that  the  collector  may  make  the 
most  of  his  opportunities  the  following  brief  directions  have  been  kindly 
funiished  by  Prof.  John  A.  Ryder,  of  the  University  of  Pennsylvania. 

OIRBCTIONS  FOR  PRESERVING   SOFT  PARTS   OF   MOLLU8CA   FOR   ANATOMU.'AL   USE. 

Soft  organisms  should  never  be  dropped  into  strong  alcohol  at  once? 
as  the  rapid  extraction  of  the  water  of  organization  by  the  alcohol 
shrinks  the  soft  parts  and  distorts  them.  So,  too,  a  too  prolonged  stay 
ill  too  weak  alcohol  or  spirits  produces  maceration  or  softening  of  the 
soft  parts. 

Fresh- water  gastropods  are  best  treated  so  as  to  kill  them  as  quickly 
as  x)ossible  by  drowning,  which  can  be  done  by  putting  them  in  an  air- 
tight vessel  and  "filling  the  latter  completely  with  water,  so  as  to  shut 
oflf  all  the  air.  The  result  of  this  treatment,  after  twenty-four  hours  or 
so,  is  that  the  soft  parts  after  death  are  often  more  or  less  completely 
extended  from  the  shell;  then  gradual  hardening  maybe  accomplished 
in  alcohol  of  one  part  alcohol  (95  to  97  per  cent)  and  two  parts  water,  for 
twenty-fcmr  hours,  to  be  followed  by  further  treatment  with  water  and 
strong  alcohol,  equal  parts,  for  twenty-four  hours  more.  Final  harden- 
ing may  be  accomplished  in  a  mixture  of  two  to  four  parts  of  alcoho. 
(95  to  97  per  cent)  and  water  one  part,  using  the  last  and  strongest 
mixture  of  alcohol  to  preserve  the  animals  permanently.  Soft  organisms 
thus  treated  with  gradually  increasing  strengths  of  alcohol  usually  give 
veiy  excellent  results,  even  for  histological  purposes.  The  sojcmrn  of  soft 
organisms  in  weak  alcoliol,  if  continued  for  too  long  a  time,  tends  to  pro- 
duce maceration  and  dissociation  of  the  cells.  In  such  cases  it  is  best 
to  keep  the  jars  in  which  the  hardening  and  fixing  is  in  progress  in  a 
refrigerator  (if  such  a  convenience  is  accessible)  at  a  temperature  of  45^ 
to  55^  for  a  day  or  two,  or  until  the  hardening  has  progressed  far  enongli 
to  avoid  the  chances  of  injurious  maceration. 

Paralyzing  the  larger  mollusks  with  a  1  per  cent  solution  of  cocaine 
gives  good  results,  but  is  somewhat  troublesome.  Under  its  influence 
gradual  paralysis  aiul  death  follow  after  one  to  three  hours.  The 
organism  after  such  treatment  may  be  gradually  hardened  in  a  fully 
extended  condition  in  alcohol  and  water,  gradually  increasing  the 
strength  of  the  successive  alcoholic  solutions  as  recommended  above. 

A  1  per  cent  solution  of  chromic  iwid  is  most  useful  for  bringing 
out  surface  details  for  the  naked-eye  inspection  of  the  surfaces  of  soft 
parts,  or  their  examination  with  low  powers  of  the  microscoi)e.  Organ- 
isms may  be  subjected  for  twenty-four  hours  to  its  action,  after  which 
they  should  be  thoroughly  well  washed  in  running  water  for  twenty- 
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four  hours,  until  all  the  acid  is  removed.  This  washing  is  easily  accom- 
plished by  putting  the  organisms  in  a  jar  with  a  wide  mouth,  over 
which  a  piece  of  coarse,  cheap  muslin  or  cheese  cloth  is  tied ;  a  small 
hole  in  the  cloth  may  serve  to  i>ermit  i)a8sing  a  rubber  hose,  from  any 
convenient  water  tap,  into  the  jar,  through  which  a  gentle  and  con- 
stant flow  of  water  may  be  thus  maintained. 

The  addition  of  from  one  to  one  and  one-half  pjirts  of  acetic  acid  to 
every  one  hundred  parts  of  the  chromic-acid  solution  imi)rov  es  the  result 
for  histological  puri)08e8  in  cases  where  there  are  no  cal(5jireous  i»arts 
to  be  injured  and  acted  uiK)n  by  the  acids. 

A  very  cheap  and  very  excellent  reagent  for  fixfng  and  hardening 
the  tissues  of  large  mollusks  is  Miiller's  fluid.  This  may  be  made  up 
as  follows  for  gallon  lots  of  the  fluid :  To  every  gallon  of  water  take  3 
ounces  of  pulverized  bichromate  of  potash  and  1 J  ounces  of  sulphate  of 
soila  (Glauber's  salts).  These  salts  may,  in  fact,  be  [K)wdered  together 
in  the  quantities  stated  per  gallon  and  put  up  in  packages,  ea<;h  of 
which  would  thus  conttiin  4^  ounces  of  the  powdered  and  mixetl  salts, 
sufficient  to  make  1  gallon  of  the  mixture.  The  salts  slunild  be  com- 
pletely dissolved  in  the  water  before  using. 

The  action  of  this  last  reagent  is  slow  and  requires  some  attention, 
iw  do  all  of  the  [>rocesses  given.  Several  volumes  of  the  fluid  should 
be  used  to  a  single  volume  of  organisms  or  tissues.  The  hardening 
should  be  done  in  a  cool,  dark  place.  The  fluid  should  be  changetl  the 
first  two  or  three  days  every  day,  then  every  other  day,  then  twic«  a 
week,  then  once  a  week,  till  at  the  end  of  three  to  six  weeks  the  harden- 
ing is  completed,  larger  objects  taking  the  longer  time.  It  is  also 
desirable  to  let  the  hardening  go  on  in  a  dark  closet  or  cupboard. 

After  the  hardening  in  Midler's  fluid  the  objects  should  be  well  washexl 
with  water,  as  recommended  for  chromic  acid,  under  a  tap  in  ajar  cov- 
ered with  cheese  cloth  for  twenty-four  hours  or  more,  according  to  the 
size  of  the  objects.  Objects  hardened  and  fixed  in  Miiller's  fluid  are 
almostor  quite  as  good  for  the  purpose  of  studying  surface  details  as  those 
hardened  in  chromic  aciid,  and  are  as  good  for  purimses  of  dissection  as 
objects  carefully  hardened  in  alcohol. 

After  washing  the  objects  hardened  in  Miiller's  fluid  they  should  l)e 
placed  in  70  i>er  cent  alcohol  for  permanent  preservation.  The  70  per 
cent  alcohol  Is  readily  made  with  a  sufficient  Jipproximation  to  accuracy 
by  remembering  that  by  julding  nearly  four-tenths  of  its  volume  of  water 
to  the  ordinary  95  to  97  per  cent  alcohol  of  commerce  an  alcohol  j)er- 
centage  of  70  is  reached.  Thus  with  an  ordinary  foot-rule  the  operator 
can  mix  his  alcohols  in  cylindrical  jars,  thus: 

Stand  the  jar  upon  the  table,  i)liice  the  rule  by  the  side  of  it  with 
the  scale  next  the  glass,  then  i>our  in  alcohol  till  some  arbitrsuily  chosen 
tenth  division  of  the  rule  outside  is  reached  by  the  surface  of  the  si>irit, 
then  add  watcu*  to  the  spirit  to  the  amount  of  nearly  four  more  similar 
divisions  of  the  rule,  when  the  requisite  dilution  of  70  i>er  cent  approxi- 
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niately  is  reached.  Shaking  the  mixture  is  all  that  is  uow  required  to 
mix  the  spirit  and  water,  and  the  jar  and  its  contents  are  ready  for  the 
rec?eption  of  the  materials  treated  with  MiQler's  fluid. 

The  precautions  given  in  the  first  paragraph  of  these  directions  in 
regard  to  the  use  and  abuse  of  alcohol  are  vital,  and  no  amount  of 
after  treatment  of  valuable  material  will  atone  for  the  neglect  of  the 
precautions  recommended  for  the  initial  treatment.  It  is  a  thousand 
timas  better  for  a  collector  or  a  museum  to  have  a  little  well-preserved 
material  of  a  given  type  than  bushels  of  poorly  preserved  material,  liter- 
ally 'Hrash,"  of  the  same  thing,  that  drops  or  breaks  to  pieces  when  the 
anatomist  attempts  to  remove  it  from  the  jar.  It  is  better,  therefore, 
for  the  collector  to  take  infinite  pains  with  a  smaller  quantity  of  mate- 
rial to  get  it  in  the  right  condition  with  proper  preservatives  than  to 
endeavor  to  make  up  in  quantity  what  his  collection  may  lack  in  quality. 

As  a  final  precaution,  it  is  strenuously  advised  that  too  much  mate- 
rial should  never  be  packed  into  one  jar  or  vessel  to  be  fixed  by  a  single 
bath  of  any  given  reagent.  The  volume  of  the  first  fixing  and  preserv- 
hig  reagent  should  always  exceed  by  several  times  that  of  the  objects 
to  be  fixed  or  hardened.  Tlds  excess  of  the  fixing  and  hardening 
reagents  should  be  maintained  until  the  hardening  is  completed.  After 
the  fixing  and  hardening  is  properly  accomplished  and  the  tissues  of 
the  objects  have  been  thoroughly  fixed  and  saturated  with  the  reagents, 
then,  and  then  only,  may  objects  be  packed  together  tightly  with  a  rela- 
tively small  amount  of  strong  alcohol  round  them :  otherwise,  maceration 
may  occur.  In  fixing  and  saturating  large  objects,  especially  if  they 
contain  large  cavities,  these  should  be  opened  and  filled  with  the  first 
fixing  and  hardening  reagents  by  means  of  a  cheap  syringe  made  of 
glass,  metal,  or  rubber. 

The  permanent  preservative  to  be  used  after  any  of  the  hardening  or 
fixing  agents  that  are  commended  above  should  be  70  to  80  per  cent  alco- 
hol, which  is  made  by  diluting  ordinary  05  jHiT  cent  alcohol  with  from 
four-tenths  to  about  one-quarter  of  its  own  volume  of  water.  Carefiil 
washing  of  the  materials  fixed  and  hardened  in  bichromate  of  potash 
or  chromic  acid  is  always  to  be  enjoined  before  the  objects  are  placed 
in  the  permanent  preservative.  This  requires  from  twenty -four  to  forty- 
eight  hours,  according  to  the  size  of  the  specimens.  Very  small  objects 
can  be  washed  free  from  chromic  acid  or  bichromate  in  a  few  hours  by 
frequent  changing  or  renewing  the  water  over  them.  For  large  objects, 
over  an  inch  in  diameter,  washing  in  a  gentle  current  of  water  for 
twenty-four  to  forty-eight  hours  is  advised  before  placing  i)ermanently 
iu  alcohol.  When  large  gastropods  are  preserved  in  the  shell  and 
intended  for  anatomical  examination,  it  is  very  necessary  to  admit  the 
alcohol  to  the  U])per  part  of  the  spire  by  making  a  small  hole  with  a  file 
or  other  instrument  in  one  of  the  upper  whorls.  Otherwise  the  delicate 
organs  iu  this  region  can  not  be  reached  by  the  preservative  fluid. 
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PRESERVATION   OF  THE   RADULA. 

The  classification  of  gastroi)od  mollusks  has  no  more  fundamental 
character  among  those  upon  which  it  is  based  thau  that  of  the  radula. 
This  is  a  strip  or  belt  of  chitinous  or  horny  material  occupying  the 
place  in  the  mouth  where  in  vertebrates  the  tongue  is  found,  llence  it 
is  sometimes  referred  to  as  the  tongue.  The  inner  end  of  the  radula  is 
secreted  by  a  glandular  surface  lining  a  pouch  which  lies  under  and 
behind  the  cartilaginous  and  muscular  buccal  mass  upon  which  the 
radula  is  carried.  The  front  end  of  the  radula  is  strongly  attached  to 
the  cuticle.  The  surface  is  usually  set  with  teeth  disposed  in  rows, 
transverse  and  longitudinal,  each  transverse  row  differing  from  that  in 
front  of  it  merely  in  maturity.  The  first  few  rows  are  brought  into 
active  use;  the  others  form  a  reserve  to  come  in  play  when  the  anterior 
rows  are  worn  out.  The  buccal  mass  with  the  radula  upon  it  is  pro- 
trusile,  and  its  action  may  be  easily  studied  by  feeding  a  snail  with 
soft  crumbs  of  bread  or  watching  a  Limna»a  mowing  away  the  green 
confervic  which  gather  on  the  glass  of  aquaria. 

Some  few  gastropods  have  no  teeth  on  the  radula.  A  few  others, 
like  the  cones,  have  isolated  barbed  teeth,  to  which  a  duct  conveys 
poison  from  a  venom-gland.  The  bite  of  a  cone  is  extremely  painful 
from  this  reason.  The  small  round  holes  common  in  dead  bivalves  on 
the  beach  are  drilled  by  predaceous  gastropods,  like  Natica  or  Urosal- 
pinx,  who  are  able  to  use  their  teeth  in  a  rotary  manner. 

In  a  few  forms  like  Acmwaj  Patella^  and  Chiton  the  teeth  are  less 
purely  chitinous  thjin  in  the  land  snails  and  most  marine  gastropods. 
Ohitine  is  a  substance  very  resistant  to  both  acids  and  alkalies,  espe- 
cially the  latter;  so  that,  with  few  exceptions,  such  as  those  above 
named,  the  teeth  may  be  boiled  in  caustic  potash  without  injury.  The 
horny  jaw  and  its  lateral  appendages  which  exist  in  many  gastrojMxis 
will  not,  as  a  rule,  survive  such  treatment,  and  must  be  dissected  out, 
though  in  a  few  cases  they  are  also  chitinous. 

In  large  gastropods  the  buccal  mass  with  the  radula  upon  it  is  easily 
recognizable,  and  can  be  dissected  away  without  trouble.  In  rostrifer- 
ous  species  it  is  in  the  muzzle,  just  within  the  mouth.  In  probocidifer- 
ous  forms  it  is  to  be  found  at  the  retracted  tip  of  the  inverts  pro- 
boscis. In  the  cones  and  Pleurotomoids,  where  the  teeth  are  fewer  and 
less  compactly  set,  they  are  often  found  only  by  the  exercise  of  great 
care. 

In  small  s[)ecies  dissection  is  often  out  of  the  question  and  another 
method  is  to  be  used,  which  is,  however,  available  only  for  such  forms 
as  have  a  decidedly  chitinous  radula.  The  radula  of  chitons  and  hni- 
pets  subjected  to  boiling  potash  rapidly  disintegrates,  owing  to  the 
solution  of  the  uonchitinous  cement  which  holds  the  parts  together. 
In  such  forms  the  radula  must  be  sought  with  the  aid  of  a  microscope. 

In  the  others  the  process  is  as  follows:  The  student  provides  himself 
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with  a  microscope  with  objectives  ranging  from  1  inch  to  one-eighth  inch, 
preferably  those  with  a  good  deal  of  penetration,  showing  a  large  field 
rather  than  high  magnification;  two  or  three  deep,  old-fashioned  watch 
glasses  and  test  tubes;  some  caustic  potash,  an  alcohol  lamp,  and  a 
pair  of  spring  forceps. 

Extracting  the  animal  from  its  shell,  or  simply  crushing  the  latter 
gently,  it  is  dropped  into  a  test  tube  containing  nearly  a  tablespooufol 
of  caustic  potash  which  has  been  allowed  to  attract  the  atmospheric 
moisture  until  it  became  liquid.  Taking  the  test  tube  between  the 
arms  of  the  forceps  hold  it  at  the  side  of  the  flame  of  the  alcohol  lamp 
until  it  boils,  being  careful  that  it  shall  boil  gently  and  shall  not  boil 
over;  which,  if  held  over  the  flame,  it  is  likely  to  do.  Watch  that  the 
animal  matter  is  not  thrown  by  ebullition  out  of  the  liquid  on  to  the  dry 
side  of  the  tube.  If  this  happens  dislodge  it  by  shaking  the  tube  until 
the  fluid  washes  down  the  object.  Boil  slowly  and  with  patience  until 
all  the  animal  matter  appears  to  be  dissolved.  Then,  first  shaking  the 
Uquid  in  the  tube,  pour  it  out  quickly  and  steadily  into  a  watch  glass, 
replacing  it  by  a  little  water,  with  which  the  tube  should  be  rinsed  and 
then  emptied  into  another  watch  glass.  Take  the  first  watch  glass  and 
gently  agitate  the  contents  and  when  they  are  well  stirred  up  give  the 
glass  a  rotary  motion,  but  not  so  violent  as  to  spill  the  contents.  This 
rotary  motion  will  bring  the  solid  particles  in  the  potash  to  the  center 
of  the  watch  glass.  A  sheet  of  white  paper  under  the  watch  glasses 
makes  the  search  for  the  radula  easier.  The  radula  unless  it  is  micro- 
scopic can  usually  be  recognized  by  its  curved  elongated  shape  and 
apparently  reticulated  surface.  It  may  be  picked  out  on  the  point  of  a 
needle  and  transferred  to  a  watch  glass  of  clean  water  and  washed 
clean  of  the  potash.  If  microscopic  the  watch  glass  can  be  put  on  the 
stage  of  the  microscope  and  examined  with  the  1-inch  objective,  when 
the  search  will  usually  reveal  it.  If  it  does  not  turn  up  examine  the 
nnshigs  in  the  other  watch  glass,  and  lastly  the  test  tube  itself. 

Having  found  the  radula  it  may  be  laid  in  a  drop  of  pure  water  and 
examined  under  a  cover  glass.  The  live  box  furnished  with  most 
microscopes  is  most  convenient.  Transmitted  light  with  a  Lieber- 
kuhn  reflector,  or  aided  by  a  bull's-eye  lens  focussed  above  the  cover, 
should  be  used. 

After  the  general  form  and  appearance  of  the  radula  has  been  noted 
and  sketched  or  described,  if  an  accurate  knowledge  of  the  teeth  is 
desired,  since  they  lie  over  one  another  like  shingles  on  a  roof,  it  is  nec- 
essary to  tear  the  radula  up  so  as  to  get  separate  teeth,  or  rows,  or 
parts  of  rows  in  ftill  view.  The  whole  can  rarely  be  t^^vu  under  one 
focus.  The  recurved  cusp  of  the  tootli  being  higher  than  the  base  both 
will  not  come  in  focus  at  the  same  time.  Usually  there  are  both  small 
and  large  teeth  in  one  series  so  that  much  caution  is  needed  to  make 
sure  that  everything  has  been  seen. 

Sometimes  the  teeth  are  very  transparent  and  it  is  desirable  to  stain 
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them.  To  do  this  the  radnla  after  being  careftilly  cleaned  should  be 
put  in  a  drop  of  strong  solution  of  chromic  acid  which  stains  it  yellow 
brown.  It  will  be  seen  to  change  color  almost  at  once,  and  as  soon  as 
dark  enough  should  be  taken  out  and  washed  clean  of  the  acid,  II 
left  in  too  long  the  acid  may  destroy  the  more  delicate  parts.  It  may 
then  be  treated  as  before  suggested. 

For  a  temporary  mount  glycerine  jelly  does  very  well.  K  Canada 
balsam  is  used  it  ra[>idly  makes  the  teeth  so  transparent  as  to  be  invisi- 
ble, and  hence  mounts  in  balsam  should  be  stained.  The  writer  has 
used  hydrosilicon,  which  makes  a  very  good  mounting  medium  at  first 
but  in  the  course  of  time  it  becomes  obscured  by  the  formation  of 
crystals. 

The  teeth  are  comprised  in  three  principal  longitudinal  series,  which 
are  usually  easily  distinguished,  though  in  some  forms  one  or  the  other 
series  may  be  absent  or  one  lateral  series  may  gradually  merge  into 
that  next  to  it. 

Normally  there  is  a  median  longitudinal  row  of  unpaired  teeth,  one 
tooth  to  each  transverse  row,  with  the  series  on  either  side  symmetrical 
and  similar  on  the  two  sides  with  the  cusps  inclined  toward  the  center 
of  the  radula.  This  central  tooth  is  known  as  the  median  or  rhachidian 
tooth.  On  each  side  of  the  median  tooth  will  be  found  a  series  of  teeth 
varying  in  number  but  separated  by  their  general  form,  and  usually  by  a 
toothless  space  from  a  set  or  series  of  rows  nearer  the  margin  of  the 
radula.  The  teeth  of  the  series  near  the  margin  are  apt  to  be  small, 
simple,  and  similar  to  one  another.  In  the  Trochidw  they  are  very 
slender  and  numerous,  almost  like  fur,  and  are  in  each  row  set  upon  a 
continuous  solid  basis  which  supports  them  all.  These  teeth  are  called 
the  uncini,  though  other  names  have  been  improi)erly  applied  to  them* 

The  less  numerous  but  usually  larger  and  more  diversely  formed 
teeth  between  the  rhachidian  tooth  and  the  uncini,  are  called  admedian 
or  lateral  teeth.  In  many  forms  one  of  these  is  much  larger  than  the 
others  and  is  known  as  the  major  lateral,  while  the  others  maybe  called 
the  minor  laterals.  The  teeth  are  simple,  straight,  curved,  twisted  or 
compound;  in  fiu^t,  the  diversity  is  remarkable,  but  the  characteristics 
for  each  group,  especially  genera  and  families  or  higher  groups,  are 
fully  as  permanent  and  important  as  are  the  teeth  of  vertebrates. 

Any  series  may  be  wanting.  The  median  tooth  is  often  absent,  and 
in  at  least  one  case  the  two  adjacent  laterals  are  known  to  have  become 
consolidated,  making  a  false  or  rather  a  compound  median  tooth.  There 
are  sometimes  congenital  deformities  in  the  secreting  glands.  Such 
individuals  may  have  an  asymmetric  or  deformed  radula.  The  cusps 
of  the  teeth  being  very  brittle  are  easily  broken  off  by  too  great  pres 
sure  from  the  cover  glass.  The  teeth  are  usually  translucent,  amher 
yellow,  or  dark  brown.  The  cusps,  especially  of  the  major  lateral,  are 
sometimes  black  on  a  translucent  base,  as  in  Chiton. 

The  radula  of  Litorma  and  of  Patella  is  very  long  and  narrow.    !» 
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the  Scaphopods  ( Dentalium)  it  is  very  short  and  broad.  lu  most  of  the 
land  shells  the  radula  is  curved  so  as  to  lie  flat  only  under  compulsion. 
In  many  marine  forms  the  uncini  are  folded  over  and  lie  upon  the  ad- 
median  teeth,  except  those  which  are  in  active  use. 

The  study  of  the  radula  is  of  the  greatest  interest  and  importance. 
Any  shell  containing  the  dried  animal  will  probably  afford  the  radula, 
as  the  chitine  is  nearly  indestructible.  A  thorough  study  of  the  radula 
of  our  common  fresh- water  shells  is  still  a  desideratum  and  the  student 
remote  from  the  sea  will  need  only  to  search  the  nearest  ditch  to  find 
opportunities  for  making  actual  contributions  to  knowledge. 

The  work  requires  great  care,  patience,  and  a  certain  amount  of  ex- 
perience. The  beginner  will  do  well  to  lay  aside  his  first  drawings  and 
continue  to  practice.  After  a  year  has  passed,  if  he  will  compare  his 
slides  with  the  drawings  first  made,  he  will  better  appreciate  his  own 
progress  and  the  absolute  necessity  of  caution  in  order  to  do  good  work. 

In  descriptions  of  the  radula  it  is  customary  to  use  a  formula  called 

the  dental  formula  to  express  the  number  and  situation  of  the  teeth. 

Each  tooth  is  regarded  as  a  unit  and  the  different  series  are  separated 

by  a  colon  or  period.    Thus  a  radula  with  one  rhachidian,  three  admed- 

ian,  and  twelve  uncinal  teeth  would  have  as  its  formula  12  :  3  :  1  :  3  :  12. 

If  it  is  desired  to  express  the  number  of  denticulations  on  the  cusps  of 

the  teeth,  the  unit  representing  the  tooth  is  written  as  a  numerator  and 

the  number  corresponding  to  the  denticles  as  a  denominator,  while  the 

fractions  representing  teeth  belonging  to  the  same  class  but  differing 

in  detail  are  connected  by  a  plus  sign  (+),  the  series  being  separated 

by  a  colon  as  before. 

3      1        2      12        13 

Thus  -:--h-:-:-  +  -:- 

14         2       3       2         4       1 

would  represent  the  formula  of  a  radula  which  had  three  single  cuspcd 

uncini,  a  m^jor  lateral  with  four  denticles  on  its  cusp  and  two  bicuspid 

minor  laterals,  on  each  side  of  a  tricuspid  rhachidian  tooth.     Since  the 

admedian  and  uncinal  teeth  are  bilaterally  symmetrical,  or  sunilar,  on 

each  side  of  the  rhachidian  tooth,  space  is  sometimes  saved  by  writing 

the  formula  for  the  lateral  or  admedian  teeth  and  uncini  of  one  side 

immediately  after  that  representing  the  rhachidian  tooth.    Thus  1  : 

3  :  3  is  the  equivalent  of  3  :  3  :  1  :  3  :  3.    In  cases  when  any  of  the 

series  are  absent  their  place  is  represented  in  the  formula  by  a  cipher, 

so  3  :  3  :  0  :  3  :  3  represents  a  radula  in  which  the  uncini  and  admed. 

ian  teeth,  to  the  number  of  three  each,  are  present  and  the  rhachidian 

tooth  is  suppressed,  3:0:1:0:3  represents  a  radula  in  which  there 

are  no  admedian  teeth  and 

1 

0  :  0  :  -  :  0  :  0 

3 

one  in  which  the  dental  armature  is  reduced  to  a  tricuspid  rhachidian 

series.    Further  modifications  of  this  principal  will  suggest  themselves 

with  experience. 
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THE  CABrKET  AND  ITS  FURNITURE. 

OASES,  TEAYS,  AND  TUBES. 

The  most  convenient  cabinet  for  the  purposes  of  the  collector  of 
shells  is  one  containing  numerous  shallow  drawers  in  which  the  shells 
can  be  placed.  Very  elaborate  cabinets  of  this  sort  are  a  luxury  on 
which  collectors  and  ordinary  naturalists  are  seldom  able  to  spend 
their  money.  Very  convenient  and  entirely  satisfactory  cases,  how- 
ever, may  be  made  with  but  little  expense,  in  the  following  maimer: 
Having  first  a  plain  outside  case  of  suitable  dimensions,  to  prepare 
it  for  the  drawers  let  small  straps  of  hard  wood  the  length  of  the 
drawers  be  securely  fastened  horizontally  at  about  an  inch  apart  from 
the  top  to  the  bottom  of  the  case  on  each  side.  These  will  form  the 
rails  upon  which  the  drawers  will  run.  The  drawers  having  been 
prepared  of  different  depths  for  the  different  sizes  of  shells,  similar 
strips  are  fastened  on  them  midway  along  each  side.  These  strips  run 
in  the  spaces  between  the  strips  nailed  upon  the  outer  case,  and  sup- 
port the  drawers.  In  this  manner,  all  the  drawers  being  of  one  size, 
differing  only  in  depth,  any  drawer  can  be  put  into  any  part  of  the  case. 
A  deeper  drawer  can  be  intercalated  between  two  shallow  ones  and  so  on, 
at  the  pleasure  of  the  collector.  The  front  of  the  case  may  be  made  of  an 
ordinary  sash  door  if  the  collector  can  afford  it.  Otherwise  a  wooden 
door  may  be  used,  but  the  edges  against  which  the  door  shuts  should 
be  grooved  to  the  depth  of  a  quarter  of  an  inch  all  around  the  door- 
way. On  the  door  itself,  so  as  to  fit  into  this  grooving,  should  be  tacked 
small  rubber  tubing  which,  when  the  door  is  shut  and  securely  fastened, 
will  exclude  the  dust  completely,  and  keep  the  collection  in  good  order. 
Such  a  case  as  this  is  quite  inexpensive,  and  if  the  collector  obtains  a 
large  box,  such  as  are  used  for  the  better  class  of  packing  cases,  he  can 
make  a  very  satisfactory  case  for  himself  with  the  aid  of  a  few  strips 
of  wood,  screws,  and  a  screw-driver.  In  order  to  exclude  dust,  which 
is  a  great  enemy  to  most  collections,  if  the  case  is  not  absolutely  tight 
it  will  be  well  to  paper  it  all  over  outside.  This  will  improve  its  ap- 
pearance if  neatly  done  and  make  it  perfectly  dust  tight.  From  such 
rude  home-made  appliances  to  the  more  elegant  work  of  the  professional 
cabinet-maker  the  collector  may  proceed  as  his  means  allow,  but  the 
principle  upon  which  our  liome-made  cabinet  just  described  is  con- 
stnicted  is  the  best  one  to  follow,  no  matter  how  elegantly  the  work 
may  be  done.  The  principle  of  having  ail  drawers  interchangeable  and 
of  the  same  size,  all  trays  multiples  of  a  unit  of  size,  and  in  general  all 
parts  based  upon  some  fundamental  unit  of  measurement  or  capacity, 
is  that  to  which  the  best  museums  of  the  present  day  are  universally 
tending.  The  convenience  of  the  arrangement  for  the  private  collector 
is  almost  as  great  as  for  the  i)ublic  museum ;  since  it  in  no  way  increases 
the  cost  it  certainly  is  the  best  plan  to  follow. 
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For  the  representation  of  specimens  inside  the  cabinet  various  plans 
have  been  adopted.  The  specimens  may  be  kept  in  small  trays,  unless 
very  small,  when  they  may  be  put  into  glass  tubes  and  closed  with 
(X)rks  and  these  tubes  into  trays,  or  some  system  may  be  adopted  by 
which  specimens  are  mounted  with  cement  on  tablets,  either  of  card, 
hard  wood,  glass,  or  even  slate.  There  is  no  doubt  that  where  space  is 
of  no  importance  and  attractiveness  in  the  collection  is  considered  as 
preeminent,  that  specimens  present  a  much  more  inviting  ap^)earance 
if  mounted.  For  study,  however,  and  for  all  scientific  puri)oses  mounted 
specimens  are  very  undesirable.  It  is  difficult  to  keep  tbem  clean,  or  if 
they  become  soiled  to  clean  them.  Glass  can  be  washed,  but  no  cement 
will  adhere  to  glass  for  any  length  of  time.  Cardboard  changes  color, 
or  if  colored  fades  and  after  a  time  assumes  a  very  shabby  appearance. 
Wood  is  difficult  to  keep  clean,  although  better  than  any  of  the  others. 
The  collector  is  advised  therefore  not  to  attempt  to  mount  his  collection. 
Many  firms  of  paper-box  manufacturers  are  prepared  to  furnish  small 
paper  trays  without  covers  five-eighths  of  an  inch  deep  and  of  such 
length  and  i^idth  as  may  be  desired,  at  a  very  cheap  rate*.  Those  in 
most  American  museums  are  covered  with  white  glazed  paper,  from 
which  the  dust  can  be  easily  brushed,  and  in  width  and  length  proceed 
on  the  basis  of  a  unit  of  size,  1  inch  by  2  inches.  This  is  the  smallest 
size  of  paper  tray.  All  other  sizes,  except  the  next  larger,  which  is  1^ 
by  2  inches,  are  multiples  of  the  first  In  this  way  when  the  trays  are 
l»ut  into  a  drawer  they  will  fill  it  evenly,  and  if  a  cabinet  is  made  to 
order  the  inside  measure  of  the  drawers  should  bear  a  suitable  relation 
to  the  unit  adopted  for  the  pjiper  trays  to  be  put  into  them.  For  espe- 
cially delicate  specimens  small  boxes  with  glass  tops  are  very  desirable. 
These  are,  however,  rather  expensive  luxuries,  needed  in  most  cases  for 
few  of  the  specimens  ordinarily  acquired  by  collectors.  For  small 
shells  the  glass  tube,  which  is  a  sort  of  homeopathic  vial  without  a 
neck  and  without  any  thickening  around  the  aperture,  is  most  conven- 
ient, and  one  may  almost  say  indispensable.  These  are  closed  with 
corks.  The  tubes  may  be  had  from  all  dealers  in  glassware  at  a  low 
price  if  specially  ordered.  As  a  rule  they  are  not  kept  on  hand.  It  is 
well  to  have  them  of  several  sizes.  Those  in  use  in  the  National  Mu- 
8i*nm  are  of  three  diameters,  three-eighths,  five-eighths  and  1  inch,  and 
are  of  the  uniform  length  of  1|  inches.  This  enables  them  to  be  corked 
and  then  placed  in  the  smallest  size  of  paper  tray,  and  most  shells 
which  require  to  be  tubed  will  be  accommodated  by  these  sizes. 

LABELS. 

The  matter  of  labels  is  always  of  importance  to  the  collector.  The 
appearance  of  a  collection  depends  very  largely  upon  the  neatness  and 
uniformity  of  its  labeling.  Blank  labels  may  be  printed  in  sheets  at 
very  small  expense  and  afterwards  cut  apart.  They  may  have  a  head- 
ing, with  the  name  of  the  collector  and  his  placn^  of  residence,  with  a 
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space  between  the  two  items  for  the  number  of  the  particular  lot  recorded 
upon  the  label.  Then  three  or  four  lines  will  afibrd  space  enough 
to  write  the  name,  locality  and  collector  in  most  cases.  These  labels 
may  be  printed  upon  card,  but  for  practical  purposes  stiff  white  paper, 
somewhat  like  writing  paper,  only  a  little  thicker,  is  quite  as  good  as 
card  and  much  less  expensive. 

CATALOGUING. 

The  collector  should  keep  a  record  or  catalogue  of  his  coUecticm. 
Each  specimen  or  set  of  specimens  placed  in  it  should  be  numbered 
and  this  number  should  be  put  upon  the  label.  If  the  collection  is 
large  it  would  be  advisable  to  number  the  shells  themselves,  which 
may  be  done  with  neatness  and  care  in  a  manner  which  will  not  deface 
the  specimens  in  any  way.  Small  specimens  contained  in  tubes  may 
have  a  small  slip  of  paper  bearing  the  number  included  with  them.  In 
this  way,  if  a  drawer  is  overturned  and  the  tubes  fall  out  of  the  paper 
trays  in  which  they  have  been  placed,  the  proper  locality  of  each  tube 
can  readily  be  restored,  whereas  if  they  were  not  numbered  a  certain 
ainount  of  confusion  and  delay  would  result.  As  the  collection  grows 
larger  a  catalogue  will  be  found  to  be  almost  absolutely  necessary. 
The  most  convenient  form  for  cataloguing  comprises  the  registration 
book  and  what  is  called  a  card  catalogue,  which  is,  however,  not  neces- 
sarily made  of  cards.  Slips  of  paper  cut  to  a  uniform  size  will  do 
equally  well  although  cards  are  rather  more  convenient.  In  the  regis- 
tration book  should  be  entered  as  soon  as  practicable  after  the  collec- 
tion has  been  sorted  and  cleaned,  the  name  of  the  specimen  if  known, 
otherwise  its  generic  name  (or  in  the  absence  of  that  a  blank  may  be 
left  to  fill  up  afterwards)  the  locality,  sex  and  depth,  the  season  or  date, 
and  the  collector's  name.  These  will  be  entered  in  the  register  in  the 
order  of  reception  or  such  other  as  may  be  most  convenient,  no  classi- 
fication being  admitted  in  the  book.  The  same  items,  however,  or  such 
of  them  as  is  desired  to  retain,  perhaps  the  name  of  the  species  and  its 
registration  number  may  suffice,  would  be  written  upon  the  card  or  slip 
which  forms  part  of  the  card  catalogue.  These  slips  can  then  be  ar- 
ranged in  any  order,  alphabetical  or  otherwise,  which  may  be  selected 
by  the  person  concerned.  By  referring  to  the  card  the  registration 
number  can  be  easily  found  and  all  the  details  recorded  in  the  register 
can  be  turned  to  without  loss  of  time.  These  principles  carried  out  to 
a  greater  or  less  extent  are  those  upon  which  the  collections  of  the  best 
American  museums  are  administered. 


PACKING  SPECIMENS. 

A  few  hints  on  modes  of  packing  may  be  useful  for  the  collector: 
Small  shells  in  bulk  may  be  simply  put  in  to  a  box,  such  as  mustard, 
tin,  or  a  cigar  box,  filled  so  full  that  the  contents  can  not  shake  about 
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Larger  specimens  are  best  wrapped  in  paper,  for  which  the  thin  brown 
paper  used  for  wrapping  oranges,  or  the  so-called  toilet  paper,  is  excel- 
lent. For  still  larger  specimens  newspaper  will  do  very  well.  The 
soathern  moss  ( Tillandsia)  makes  excellent  packing  material.  Sawdust 
should  be  especially  avoided  in  packing,  a^  it  is  really  worse  than 
nothing. 

In  putting  up  glass  jars  or  bottles  containing  specimens  in  alcohol, 
nothing  is  better  than  ordinary  damp  moss  from  the  woods.  The  box 
should  be  lined  with  it,  the  jars  set  in  so  as  not  to  touch  each  other  at 
any  point,  and  moss  should  then  be  carefully  rammed  down  between 
them  until  the  whole  space  is  compactly  filled,  when  a  layer  may  be 
placed  above  the  bottles  and  the  box  cover  nailed  down.  As  the  moss 
dries  in  the  box  it  makes  a  secure  case  for  each  jar,  and  the  writer  has 
shipped  hundreds  of  jars  many  thousands  of  miles  in  this  manner  with- 
out a  single  breakage. 

Boxes  of  moderate  size  travel  better  than  very  large  or  small  ones. 

For  alcoholic  specimens  nothing  is  better  than  the  screw-topped  jars 
used  for  preserving  fruit.  Each  jar  should  be  carefully  scrutinized  to 
make  sure  that  it  it  is  in  perfect  order  and  screwed  tight  enough  to 
avoid  leakage.  If  the  specimens  do  not  All  the  jar  a  handful  of  crum- 
pled paper  will  serve  as  a  buffer  to  prevent  injurious  friction.  Jars 
should  always  be  filled  with  alcohol  to  within  an  inch  of  the  cover. 

For  the  cabinet,  stout  vials  with  rubber  corks  are  best,  or  jars  with 
ground-glass  stoppers  for  larger  specimens.  The  latter  are  expensive 
and  really  less  efficient  than  the  screw-top  jars,  but  of  course  present  a 
better  appearance. 

In  order  that  the  identification  of  specimens  shall  not  be  lost,  it  is  im- 
perative that  a  label  shall  be  inclosed  in  the  jar  itself.  For  jars  which 
have  to  be  transported  long  distances,  a  label  of  block  tin  is  often  used, 
upon  which  a  number  has  been  stamped  corresponding  to  the  collector's 
catalogue.  Pure  block  tin  in  thin  sheets  can  he  had  of  dealers  in  assay- 
er's  supplies,  and  a  set  of  numbered  steel  dies  for  stamping  the  num- 
bers, of  any  dealer  in  hardware.  Numbers  printed  on  parchment  are 
also  used.  Written  numbers  are  apt  to  get  worn  off,  but,  if  they  must 
be  used,  it  is  best  to  write  them  on  the  best  quality  of  stiff  linen  paper 
with  a  very  soft  lead  pencil,  the  label  being  then  wrapped  up  in  apiece 
of  clean  manila  paper  to  preserve  it  from  wear.  Such  labels  with  good 
luck  will  last  very  well,  but  should,  if  possible,  be  supplemented  by  the 
tag  of  block-tin  foil.  Ordinary  <^tin,"  i  e.,  tinned  sheet  iron,  is  entirely 
nnfit  for  the  purpose.  Nearly  all  specimens  contain  some  fatty  matter 
and  in  cases  where  the  strength  of  the  alcohol  is  insufficient  a  chemical 
change  takes  place  in  that  part  of  this  fat  which  is  combined  with  the 
alcohol,  producing  several  ill-smelling  ethers  and  fatty  acids.  There- 
fore nothing  in  the  way  of  metal,  ink,  or  other  substances  which  may 
be  affected  by  acid  or  ether  should  be  inserted  in  any  jar  of  specimens- 
Copper  tanks  with  screw  tops  are  sometimes  used  by  collectors,  but  are 
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soon  made  leaky  by  oxidation  of  the  metal  unless  thoroughly  and  com- 
pletely coated  inside  with  pure  tin.  When  the  latter,  as  is  often  the 
case,  has  been  adulterated  with  lead,  it  is  liable  to  oxidize  and  is  little 
to  be  depended  upon. 

A  method  of  packing  identified  sx)ecies  for  transportation  which  has 
many  advantages  was  invented  by  Dr.  Steams.  He  took  old  letters, 
discarded  blank  books,  and  other  stiff  paper  and  provided  himself  with 
a  round  stick  about  half  an  inch  in  diameter.  Treating  one  side  of  the 
paper  with  flour  paste,  he  proceeded  to  roll  the  sheets  compactly  over 
his  fetick,  which  was  then  withdrawn,  leaving  tubes,  which,  when  dry, 
were  extremely  solid  and  conld  be  cut  into  suitable  lengths  with  a  sharp 
knife  without  collapsing.  A  wad  of  cotton  in  each  end  holds  the  shells 
safely  in  the  middle  of  the  short  tube,  while  the  data  can  be  written  on 
the  outside.  The  economy  and  efficiency  of  this  method,  and  its  supe- 
riority to  the  average  pill-box  process  have  caused  it  to  become  popular 
wherever  it  has  been  introduced.  The  writer  has  even  seen  private 
collections  kept  in  such  tubes  neatly  maile  of  white  paper.  Except  for 
the  larger  species,  the  method  is  by  no  means  the  worst  which  could  be 
mentioned. 

BOOKS  OF  BEFERENCE. 

This  is  not  the  place  for  a  general  bibliography,  but,  as  almost  all  re- 
quests for  instructions  to  collectors  are  coupled  with  inquiries  as  to 
what  books  are  available  for  their  use,  it  is  thought  that  a  few  refer- 
ences to  general  works  may  prove  of  advantage. 

The  scientific  study  of  mollusks  progresses  so  ftist  that  no  manual  or 
text-book  long  remains  up  to  the  times  in  all  particulars.  The  latest  and 
most  extensive  general  work  on  the  mollus(;a  is  by  Dr.  Paul  Fischer,*  and 
is  published  in  the  French  language.  Indispensable  for  a  student,  it  is 
somewhat  too  far  advanced  for  a  beginner,  and  less  useful  than  a  more 
elementary  work  for  the  average  collector.  A  work  which,  notwith- 
standing deficiencies  due  to  age  and  the  later  Jidvances  of  the  science, 
is  still  one  of  the  best,  if  not  the  very  best,  English  work  to  put  into 
the  hands  of  a  beginner  in  Conchology  is  Woodward's  Manual  of  Re- 
cent and  Fossil  Shells,t  as  it  is  familiarly  called,  which  for  many  years 
has  been  a  classic.  Several  editions  have  been  published  and  it  has 
had  several  publishers,  but  it  is  still  on  sale  and  can  be  obtained 
through  any  dealer  in  foreign  books.  The  price  is  quite  moderate,  and 
the  work  will  be  found  useful  and  still  (apart  from  changes  in  classifica- 
tion) rejisonably  accurate. 

A  later  work,  convenient  on  account  of  its  numerous  figures,  but 


*  Manuel  de  Conchyliologie  [etc.].  Paris,  F.  Savy,  1887.  8  \  Pp.  1369,  23  plates, 
1,138  figures  in  the  text. 

t  A  Manual  of  the  MoUusca,  a  Treatise  on  Recent  and  Fossil  Shells  [etc.],  by  Dr. 
8.  P.  Woodward.  London,  various  publishers,  1856  to  1871.  8^,  about  500  pp.,  and 
24  plates. 
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more  expensive,  is  Tryon's  Manual  of  Conchology,*  in  three  volumes, 
issued  by  the  Conchological  section  of  the  Academy  of  Natural  Sci- 
ences at  Philadelphia. 

Publications  which  were  intended  to  serve  the  purpose  of  handbooks 
for  students  of  our  native  mollusks  have  from  time  to  time  been  issued 
by  the  Smithsonian  Institution  and  the  U.  S.  National  Museum.  The 
older  papers  of  this  class  are  to  some  extent  out  of  print,  but  may  be 
obtained  in  most  cases  from  dealers  in  second-hand  books.  The  series 
lias  comprised  the  following  memoirs : 

Lftnd  and  Fresh- water  SheUs  of  North  America,  by  W.  G.  Binney  and  T.  Bland.    8^, 
in  three  parts. 

Part  I.  Polmonata  Geophila.    316  pp.,  544  ill.  in  the  text.    1869. 

Part  II.  Pulmonata  Linmophila  and  Thalassophila.  161  pp.,  261  ill.  in  text. 
1865. 

Part  ui.  Operculated  Land  and  Fresh- water  Species.  120  pp.,  232  ill.  in  text. 
1865. 

The  three  parts  comprise  Smithsonian  publication  numbers  194,  143,  and  144,  re- 
spectively, and  cover  aU  the  land  and  fresh- water  gastrojNMls  except  the 
melanians. 
Besearches  upon  the  Hydrobiinse  and  Allied  Forms  [etc.],  by  Dr.  WiUiam  Stimpson. 
59  pp.,  29  figures  in  the  text.    1865. 

This  is  chiefly  devoted  to  the  fresh- water  Rissoidae,  and  is  No.  201  of  the  Smith- 
sonian list. 
Land  and  Fresh-water  Shells  of  North  America.    Part  iv.  Strepomatids  (American 
melanians),  by  Geo.  W.  Tryon,  jr.    8°,  435  pp.,  838  figures  in  the  text.    1873. 

This  is  Smithsonian  number  253. 
Monograph  of  American  CorbiculadsB,  recent  and  fossil  [etc.],  by  Temple  Prime. 
80  pp.,  86  figures  in  the  text.    1865. 

This  is  Smithsonian  number  145,  and  includes  an  account  of  the  American  Pisid- 
turn,  Sphoeriumf  Corbicula^  and  Cyrena. 
A  Manual  of  American  Land  Shells,  by  W.  G.  Binney.    BuHetin  No.  28,  IT.  S.  Nat. 
Mus.    528  pp.,  516  figures  in  the  text.    8^.    1885. 

This  brings  the  subject  of  the  Pulmonata,  as  treated  in  the  ''  Land  and  Fresh- 
wat-er  Shells/'  up  to  date,  though  under  a  different  arrangement. 
Bibliographies  of  American  Naturalists,    u.  The  published  writings  of  Isaac  Lea, 
LL.  D.     By  Newton  Pratt  Scudder.      BuUetin  U.  8.  Nat.  Mus.  No.  23.      8^. 
LX,  278  pp.  and  portrait.    1885. 

In  the  absence  of  any  general  work  on  the  American   Unionidce,  this  biblio- 
graphical index  to  Dr.  Lea's  works  will  be  of  use  to  students  of  the  group. 
A  Preliminary  Catalogue  of  the  Shell- Bearing  Marine  MoUusks  and  Brachiopods  of 
the  Southeastern  Coast  of  the  United  States  [etc.] .    By  William  Healey  Dall, 
A.  M.    BuUetin  U.  8.  Nat.  Mus.  No.  37.    221  pp.,  74  pi.    1889. 

This  buUetin  is  devoted  to  the  marine  forms,  which  are  illustrated  by  over  1,000 
figures  and  tabulated  so  as  to  show  their  geographical  and  bathymetric  dis- 
tribution. The  classification  is  revised  and  the  tables  are  preceded  by  a 
bibliography  comprising  titles  of  works  bearing  on  the  moUusca  of  the 
region. 

The  nomenclature  of  the  catalogue  is  extensively  reformed  over  earlier  usage, 
and  the  coUector  or  student  who  desires  to  understand  why  many  names 
have  been  changed  or  have  disappeared  wiU  in  most  cases  find  the  reasons 
fully  stated  in  the  following  publications. 


*  Structural  and  Systematic  Conchology,  an  introduction  to  the  study  of  the  Mol« 
hwca,  by  Geo.  W.  Tryon,  jr.    Philadelphia,  1882-'84.    3  vols.    8^. 
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Bulletin  of  the  Museum  of  Comparative  Zoology  at  Harvard  College.  Vol.  xn. 
No.  6.  Report  on  the  Mollusca  [of  the  Blake  expeditions].  By  W.  H.  Dall. 
Part  I.  Brachiopoda  and  Pelecypod^.  Cambridge,  the  Museum.  1886.  8^. 
pp.  171-318,  pi.  i-ix. 

The  same.    Vol.  xviii.    Part  ii.    Gastropoda  and  Scaphopoda.    Cambridge,  the  Mu- 
seum.   1889.    8^.    pp.  1-492,  pi.  x-XL. 
These  two  publications  incidentally  review  a  large  proportion  of  the  marine 
mollusks  of  our  southeastern  coast.    For  a  general  index  to  the  literature  of 
mollusks  for  the  same  region  the  student  may  consult — 

Bulletin  of  the  U.  S.  Geological  Survey  No.  24.    List  of  marine  mollusks,  compris- 
ing quaternary  fossils  and  recent  forms  from  American  localities  between 
Cape  Hatteras  and  Cape  Roque,  including  the  Bermudas.    By  W.  H.  Dall, 
Washington,  the  Survey.    1885.    8°.    836  pp. 
This  bulletin  also  includes  a  bibliography. 

For  information  in  regard  to  the  moUosks  of  the  Paxjific  coast  of  the 
United  States  the  collector  is  referred  to — 

Mollusks  of  Western  North  America.  By  Philip  P.  Carpenter,  b.  a.,  ph.  d.  Washing- 
ton. Smithsonian  Institution.  1872.  8^.  xiv,  325  and  121  pp. 
This  comprises  a  bibliography  to  all  papers  published  on  this  subject  by  Dr. 
Carpenter  in  foreign  countries  (but  not  his  papers  printed  in  America),  a 
reprint  of  many  of  them  and  a  general  index  to  all,  including  those  not  re- 
printed, always  excepting  his  American  papers.  It  forms  Ko;  252  of  the 
Smithsonian  list.  A  later  list,  which  is,  however,  a  mere  list  of  names  and 
localities,  was  printed  by  the  State  Geological  Survey  of  California,  as 
follows : 

Geographical  Catalogue  of  the  Mollusca  Found  West  of  the  Rocky  Mountains,  be- 
tween latitudes  33°  and  49^  north.  By  J.  G.  Cooper,  M.  d.  San  Francisco. 
1867.    4-.    40  pp. 

If  the  student  desires  a  general  work  in  which  all  the  species  of  mol- 
lusks are  to  be  found  figured,  he  is  referred  to  the  following  publication, 
still  in  progress: 

Manual  of  Conchology,  Structural  and  Systematic,  with  illustrations  of  the  species. 
By  Geo.  W.  Tryon,  jr.  Coutinuation  by  H.  A.  Pilsbry.  Philadelphia. 
Conchological  section,  Academy  of  Natural  Sciences.  1882  to  1891  ^t  svq,). 
This  work  is  to  be  comprised  in  four  series,  of  which  the  first  and  second  are  in 
progress,  as  follows :  First  series,  marine  univalves ;  second  series,  terres- 
trial mollusks;  third  series,  marine  bivalves;  fourth  series,  flu  via  tile  mol- 
lusks. 

For  reference  to  the  scattered  papers  of  earlier  writers  on  American 
mollusks  the  following  work  Mill  be  found  convenient,  in  spite  of  the 
want  of  an  index : 

Biblioj^raphy  of  North  American  Conchology  jirevious  t4>  the  year  1860.     By  W.  G. 
Biuney.     Washington.     Smithsonian  Institution.     1863-4.    8^. 
Part  I.    American  authors.    650  pp. 
Part  II.     Foreign  authors.    298  pp. 
These  form  numbers  142  and  174  of  the  Smithsonian  list. 

In  conclusion,  it  may  be  added  that  many  of  the  American  recent 
mollusks^  which  are  also  found  fossil,  and  which  are  not  illustrated 
elsewhere,  may  be  found  figured  in  the  Transactions  of  the  Wagner 
Free  Institute  of  Science,  Philadelphia,  Pa.,  Vol.  in. 
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GENERAL   REMARKS. 

Tl)e  value  of  a  mineral  collection  depends  largely  upon  the  quality  of 
the  specimens  and  upon  the  completeness  of  the  information  concern- 
ing them.  A  bruised  or  scratched  specimen,  or  a  broken  crystal,  has 
little  to  recommend  it,  and  a  mineral  of  unknown  locality  or  undefined 
associations  can  be  admitted  to  a  cabinet  only  under  protest.  With 
regard  to  any  given  species,  the  geographical  and  geological  distribu- 
tiou  is  an  important  fact;  and  it  is  therefore  desirable,  in  each  locality, 
to  collect  every  variety  which  can  be  found.  Specimens  which  would 
be  worth  little  by  themselves  become  valuable  when  studied  in  relation 
to  others,  and  a  common  mineral,  found  under  unusual  circumstances, 
may  have  exceptional  interest. 

WHERE   TO    LOOK  FOB  MINERALS. 

The  best  field  for  a  collector  is  always  that  which  has  been  well 
opened,  such  as  a  mine,  a  quarry,  a  railroad  cut,  etc.  Fresh  exposures 
of  un weathered  rock  yield  the  best  specimens.  In  prosi^ecting,  how- 
ever, where  no  work  has  been  previously  done  it  is  desirable  to  get 
below  the  weathered  rock  surface  to  the  fresh  material  beneath.  Some- 
times nature  assists  in  this  direction,  as  in  ravines  and  along  the  bases 
of  cliffs  where,  in  early  spring,  rock  falls  leave  clean  exposures.  The 
recent  talus  at  the  foot  of  a  clift*  affords  a  good  field  for  examination. 

IMPLEMENTS   USED   IN   COLLECTING. 

The  tools  used  in  collecting  minerals  are  few  in  number.  The  first 
and  most  indispensable  tool  is  a  hammer  (see  fig.  1).  It  should  be  of 
well  tempered  steel,  weighing  about  two  pounds,  with  the  striking  face 
square  and  the  cutting  edge  having  the  same  direction  as  the  handle. 
The  handle  should  be  made  of  good  hickory  and  wedged  into  the  head 
with  iron  wedges.  A  foot  scale,  divided  into  inches,  marked  on  the 
handle,  is  desirable. 

It  often  happens  that  upon  specimens  brought  in  from  the  field  there 
is  an  unnecessary  amount  of  the  gangue  adhering,  or  part  of  a  crystal 
or  crystals  may  be  covered  up  by  the  matrix.    This  can  readily  be 
[3] 


CEI3 


BULLETIN   39,  UNITED    STATES   NATIONAL   MUSEUM.  [4j 

removed  aud  tUe  size  of  the  Biwciraen  reduced  by  tueans  of  a  few  small 
cbiselH  aud  cleauiag  tools  (see  figs.  3-6)  and  a  trimming  hammer  (i^ee 
fig.  2).  Tbe  trimming  hammer  sliould  weigh  from  a  tjaarter  to  half  a 
pound,  and  have  both  fa^es  square.  By  holding  the  specimen  flrndy  id 
the  left  band  and  delivering  a  shaTji 
blow  with  the  hammer  the  gangiie 
rock  may  be  removed  without  iiijnry 
to  the  mineral.  A  pitching  tool 
(flg.(i)is  useful  in  shaping  the  speci- 
men after  trimming.  The  other 
tools  neetled  are  three  steel  chisels, 
one  six  inches  long  (flg.  5).  the 
others  three  inches  long,  and  of 
similar  pattern,  for  cnttiug  par- 
ixises;  asetof  steel  wedgesfor split- 
ting rocks,  and  a  pickax  to  remove 
surface  material  and  for  prying. 

In  many  cases  it  is  necessary  to 
blast.      Blasting     powder,    drills, 
sledge  hammers,   fuses,  etc.,  mny 
'"-'  sometimes  be  carried,  but  they  can 

'"    ■  commonly  be  borrowed  from  miners 

Cnllectlug  bummers.  ,  ,       i      i  -      j 

or  quarrymen,  who  can  also  be  hired 
to  assist  in  the  work.  Avoid  heavy  charges  of  powder,  in  order  tliHt 
tbe  material  sought  for  may  not  be  excessively  shattered.  The  opera- 
tion  of  blasting,  regarded  from  the  standpoint  of  tbe  mineral  collet-tor. 


requires  tbe  (n^eatest  care  and  Jndgmeut.     A  ttne  locality  may  be  niin«i 
by  the  reckU'ss  use  of  dynamite. 
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METHOD   OP  LABELING. 


In  collecting  minerals,  the  labels  should  be  written  at  once,  and 
wrapped  with  the  specimens.  The  locality  should  be  stated  precisely; 
for  example,  "garnet  in  rhyolite,  North  Slope,  Table  Mountain,  Gunni- 
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son  County,  Colorado,''  and  not  "garnet,  Colorado."  Unidentified  min- 
erals should  be  marked  with  full  information  as  to  mode  of  occurrence, 
in  order  that  they  may  be  properly  studied  later. 

It  is  always  wise  to  preserve  a  record  of  the  materials  in  some  form 
of  field  notebook. 

PACKING  FOB   SHIPMENT. 

For  the  transportation  of  the  material  to  a  place  where  it  can.  be 
proi)erly  culled  and  packed  a  leather  bag  is  convenient.  This  should 
be  made  twelve  inches  wide,  twelve  inches  deep,  and  four  inches 
through,  of  stout  leather  (fig.  8).  It  should  have  a  flap  over  the  top 
and  extending  fully  six  inches  down  the  opposite  side,  and  have  a  strap 
and  buckle  to  fasten  it  in  position. 

The  carrying  strap  should  be  of  strong  leather,  two  inches  wide,  and 
long  enough  to  go  over  the  shoulder.  This  should  be  provided  with  a 
buckle  so  that  its  length  may  be  adjusted  to  the  wearer. 

This  style  of  bag  is  of  course  not  a  necessity,  and  any  sort  of  a 
receptacle  may  be  substituted  for  ir,  but  some  means  for  the  conven- 
ient transportation  of  specimens  in  the  field  must  be  provided. 

A  supply  of  paper,  preferably  of  newspaper,  is  also  indispensable 
for  wrapping  specimens,  ^ever  attempt  to  carry  a  specimen  unwrap- 
l>ed  in  the  bag.  The  material  collected  must  not  be  permitted  to  chafe 
or  rub. 
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In  packing  specimens  for  transportation,  each  iudividnal  is  to  be 
wrapped  first  in  tissue  paper,  then  in  raw  cotton,  and  finally  in  news- 
paper. This  applies  only  to  crystallized  and  delicate  specimens.  For 
massive  material  newspaper  alone  is  sufficient.  With  very  delicate 
material  such  as  cuprite,  natrolite,  etc.,  the  specimens  are  to  be 

.  wrapped  in  tissue  paper, 
then  in  cotton,  and  fur- 
ther protected  by  being 
boxed  separately.  In 
some  cases  it  is  advis- 
able to  3et  the  specimeD 
in  a  suitable  box  and 
pour  plaster  of  paris 
around  its  base,  allow 
ing  the  latter  to  set,  thus 
insuring  solidity.  This, 
however,  is  a  matter 
that  must  be  left  en- 
tirely to  the  judgment 
of  the  packer,  since  no 
one  method  is  applicable 
to  all  cases. 

The  material  is  best 
packed  in  comparatively 
small  boxes.  Large 
boxes  are  too  heavy  for 
proper  handling.  A 
layer  of  excelsior,  straw, 
or  other  packing  mate 
rial,  about  an  inch  deep,  is  put  on  the  bottom ;  then  the  heaviest  and 
most  massive  material  is  packed  firmly  and  closely.  Spaces  between 
the  specimens  should  be  filled  with  excelsior;  then  add  another  layer 
of  excelsior,  a  layer  of  specimens,  and  so  on  until  the  box  is  filled,  and 
finally  a  layer  of  excelsior  is  put  on  top  and  the  cover  fitted  tightly. 
The  box  must  be  absolutely  full  before  fastening.  Excelsior  is  the 
best  packing  material,  but  straw,  hay,  grass,  Spanish  moss,  or  coarse 
shavings  will  serve  the  purpose.  Sawdust  should  never  he  tised.  Coarse, 
massive  material,  collected  in  bulk  to  be  broken  up  and  trimmed  later, 
may  be  transported  in  boxes  or  barrels  without  wrapping  or  other 
special  precautions. 


Ym,  8.— Collecting  bag  or  knapsack. 
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PART   I. — DIBBCTIONS   FOR   COLLECTING   UOCKS. 


Itock  collectiug  differs 
from  that  employctl  in  otlier 
brandies  of  natural  history 
mainly  in  tlie  simplidty  of 
tlie  process. 

For  piiriMises  of  field 
work,  and  wheii  the  wrt- 
lector  is  obliged  to  can-y 
his  entire  outfit  on  his  per- 
son or  attaehcd  to  tlie  sad- 
dle, bnt  two  liummcrs  are 
usually  employed,  tlie  one 
a  square-faced  iniplenicnt 
of  about  2  pounds  weight, 
with  tlie  jieaii  (also  spelled 
peen)  in  a  direction  parallel 
with  Uie  handle.  The  pro- 
portions found  most  satis- 
factory are,  head,  5  indies 
in  lengtli;  face,  1^  inches 
square,  and   liandlc,  some 


1-3  inches  in  len;rth.     This  hammer  (llg.  1)  is  used  for  s 
s|)ecimeus  fi-om  the  i>areut  mass. 
[3] 
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Tli«  socorul  haiDiiKtr  (tig.  2),  designed  for  trimmiug  porposea,  eboold 
weigh  about  tLree-fourtUs  of  11  iKHiml,  with  head  uotaboveS^tO'l inches 
iu  leugtli  iiiid  fatres  three-fourthH  iif  an  iiichaquare,  both  facet*  beiiigalike.  ' 
The  haudle  must  he  correHt>oii(Iiiigly  more  slender  and  an  inch  or  no  ' 
shorter.  llaiidle».HhonhI  he  of  best  hickory,  aud  consiilerably  reduced 
midwuy  l>etweuii  the  licad  tiud  the  i>ortiou  eras)>ed  by  the  hand  in  order 
to  impart  the  duiiired  Kpriiig  to  the  blow. 

Wlieu  trausiMrtatiuit  facilities  allow,  it  is  well  to  have  also  atf-poiud 

sledge,  aH  uot  infrequently  the  natural  weathered  forms  of  rock  masses 

are  such  as  to  necessitate  the  breaking  of  spalls  of  considerable  size 

in  order  to  obtain  material  of  the  desired  freshuess.    Chisels  are  rarely 

of  use.    Occasionally  what  is 

known  among  stonecutters 

as  a  pitching  tool  becomes  of 

use  in   breaking  off  sitalls 

from  the  larger  blocks  (see 

figs.  3  aud  4). 


Always  take  the  specimen  ' 

from  the  parent  ledge  unless 

absolutely  sure  that  smaller 

aud  more  accessible  masses 

woi"e  derived  therefrom.    It , 

uot     infrequently    hapitens  I 

that  angular   blocks   fallen  I 

AxtnithefaceofaclifTofferthe 

only  satisfactory  collectiug 

Ffi  5-iiunii.Tuf  iiukiin'fl|K.Tini™  grouuds.     Providing    there 

is  uo  gla<;ial  or  other  form  of 

drift  iu  the  vicinity  such  can  be  utilised  with  safety.     Never  collect 

materials  the  source  of  which  is  not  knowu  unless  designed  for  the  pur- 

[Htso  of  studying  drift  materials  or  because  the  specimen   presents 

itself  some  points  of  more  thau  ordinary  interest.     Few  objects  are  of 

less  value  thau  rock  specimens  the  exact  source  of  which  is  not  known. 

)llect  alwuys  fit'sh  material.     Many  of  the  collections  made  by  tlio 

icr  surveys  have  been  found  quite  worthless  for  modern  microscopic 

i,  owing  to  the  fact  that  they  were  so  altered  by  weathering.    The 

i<le  weathered  surface  should  always  bo  first  broken  away  until  a 

lit  fresli  frikcture  is  sliown,     Iu  some  compact,  close-grained  rocks 

thering  ]iroceeds  so  uuitonnly  as  to  form  on  the  outer   surface 

a  thin  crnst  of  oxidation  products,  so  that  a  single  specimen  will 

e  to  show  both  weathered  and  fresh  material.     As  a  rule,  however, 

ill  be  found  best,  in  case  weathered  material  is  also  desired,  to  col- 

thescin  scpurate  siieciniens.    Take  particular  care  to  secure  repre- 

ativB  aiK'ciniens.     If  any  apparently  essential  variation  is  shown 

le  mass  of  the  rock,  collect  typical  materials  fi-om  each  and  label 

s  to  show  their  relations — which  is  the  prevailing  type,  etc 


'■  1  l■l«M•r^>^•    H'k   <  <'I  1-1*  UN'.    N'-t. Mtl.  .ML. 


BULLETIN   39,  UNITED   STATES   NATIONAL   MUSEUM. 


[6] 


over  several  in  succession  lies  in  the  less  liability  to  frai*.tiire  the  spec- 
imen so  that  it  shall  break  in  trimming.  Having  secured  the  spall^ 
hold  it  in  the  left  hand  as  indicated  in  figure  5  and  with  the  small 
trimming  hammer  gradually  work  it  down  to  the  desired  size  and  shape. 

Favorabledimensions  for  study  series  are  about  three  by  four  inches  by 
not  over  one  inch  in  thickness.  If  for  exhibition  purposes  in  museums,  a 
half  inch  more  in  each  dimension  adds  to  the  apj^earance.  In  ti-imming 
a  specimen  always  work  from  the  edge,  striking  shai*p,  quick  blows 
obliquely  downward,  as  shown  in  figure  5,  so  that  the  chip  separates 
from  the  lower  edge.  Never  strike  directly  across  the  edge,  as,  if  the 
specimen  is  at  all  thin,  it  is  almost  sure  to  break.  Save,  when  trim- 
ming, chips  suitable  for  thin  sections  and  chemical  work  and  wrap  with 
the  specimen  itself. 

Always  wrap  a  trimmed  specimen  (see  figs.  6  and  7)  carefully  and  pack 
in  such  a  way  that  abrasion  of  the  surfiice  through  rubbing  against  other 
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specimens  is  impossible.  Almost  any  kind  of  paper  will  answer.  Write 
the  label  in  pencil,  fold  it,  and  wrap  with  the  specimen.  A  sample  of  the 
field  label  used  by  the  National  Museum  is  here  reproduced  (fig.  8).  It  is 
well  to  first  fold  the  wrapping  i>aper  once  over  the  label  to  prevent  its 
being  torn  by  being  pressed  too  closely  against  the  rough  surface  of 
the  rock.  In  packing,  remember  to  pack  closely  and  tightly  so  that 
no  movement  can  take  place  between  the  specimens  themselves  such 
as  shall  cause  one  to  rub  over  the  face  of  the  next  adjoining  and 
scar  it.  For  purposes  of  study  the  fresh  fracture  is  always  desirable, 
and,  moreover,  abrasive  marks  from  the  hammer  or  from  rubbing,  due  to 
j)oor  packing,  are  unsightly  and  suggestive  of  carelessness.  Always 
label  as  fully  as  possible. 

Trust  nothing  to  memory.    Eemember  that  the  exact  site  of  a  dike, 
boss,  or  ledge  of  rock  is  a  matter  of  primary  imi>ortance  since  it  may 
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be  necessary,  or  at  least  desirable,  to  visit  the  locality  again.  More- 
over, the  mode  of  occurrence  of  a  rock  mass  is  often  a  matter  of  primary 
importance.     Do  not  trust  to  small  labels  gummed  to  the  specimen. 

If,  in  the  museum  or  laboratory,  it  is  found  desirable  to  fix  a  number 
upon  a  specimen  in  order  to  insure  it  against  loss  or  displacement,  the 
following  method,  as  pursued  in  the  National  Museum  installation,  may 
be  found  advisable:  A  blue  rectangular  strip  of  suflftcient  size  to 
receive  the  number  is  painted  upon  the  specimen  in  oil  colors,  the 
material  used  being  dry  ultramarine  blue  mixed  with  ordinary  white 
lead  and  sufficient  hard  oil  finish  to  thin  it  for  applying  with  a  brush. 
This  dries  quickly,  giving  a  firm,  glossy  surface,  upon  which  the  num- 
ber is  then  painted  in 
white — Windsor  and 
Newton's  flake-white 
tnbe  paints,  thinned 
with  turpentine,  having 
been  found  best  fitted 
for  the  purpose.  This 
gives  a  practically  inde- 
structible number,  suffi- 
ciently conspicuous  to 
be  readily  found  on  spec- 
imens of  any  color  or 
texture,  and  which,  if 
neatly  done,  does  not  in 
the  least  mar  their  ap- 
pearance (fig.  7).  The 
method  is  of  course  ap- 
phcable  only  to  sub- 
stances of  considerable 
firmness  of  texture. 

In  collectin  g  the  larger 
materials  illustrative  of 
dynamic  phenomena, 
only  very  general  direc- 
tions can  be  given,  since  each  individual  case  requires  separate  treat- 
ment. The  size  and  shape  of  the  specimen  must  depend  on  what  it  is 
intended  to  illustrate,  and  the  means  of  getting  it  out  and  transporting. 
If  blasting  must  be  resorted  to,  use  ordinary  slow-burning  blasting 
powder,  which  lifts  but  does  not  shatter;  never  resort  to  dynamite. 
Here,  too,  care  must  be  taken  not  to  deface  by  scarring  the  faces 
intended  for  exhibition.  Many  a  fine  block  has  been  spoiled  through 
lack  of  attention  to  this  rule.  Never  deface  a  specimen  by  painting 
the  address  upon  it  for  shipment.  In  these  days  of  dry  plates  and 
films  it  is  frequently  advisable  to  photograph  an  outcrop  from  which 
the  specimens  are  selected;  this  to  show  other  structural  features 
than  those  brought  out  by  the  specimen,  as  well  as  to  serve  as  an  aid 
to  the  future  identification  of  the  locality. 


Fio.  9.— Collecting  bag  or  knapsack. 
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For  carrying  specimens,  a  stout  leather  bag,  made  with  separate 
compartments  for  compass  and  notebooks,  affords  the  only  feasible 
means  (fig.  9).  This  can  be  carried  by  means  of  a  single  strap  in  the  form 
of  a  loop  over  the  shoulder  or  with  two  straps,  like  a  knapsack.  The 
former  is  most  easily  put  off  and  on,  and  hence  has  its  advantages. 
The  knapsack  form  can,  however,  be  carried  with  much  less  fatigue. 
One  needs  to  be  careful  and  not  let  his  enthusiasm  cause  him  to  get 
too  large  a  knapsack,  or  to  attempt  carrying  too  much  at  one  time.  The 
remarkable  rapidity  of  increase  in  weight  of  a  satchel  of  rocks  can  be 
appreciated  only  by  one  who  has  tramped  the  weary  miles  homeward 
after  a  hard  day's  field  work. 

PART  n. — THE   PREPARATION   OF  THIN  SECTIONS. 

Since  the  study  of  rocks  is  now  carried  on  so  largely  by  means  of 
thin  sections  and  the  inicroscope,  a  few  words  regarding  the  methods 
of  preparation  of  the  sections  may  not  be  out  of  place  here. 

The  purpose  of  the  section  is  to  get  a  certain  portion  of  the  rock  so 
thin  as  to  be  transparent,  without  disturbing  its  structure  or  the  loss 
of  any  of  its  particles.  The  process  of  preparation,  as  now  generally 
employed,  has  come  into  general  use  only  within  the  past  twelve  or 
fifteen  years,  the  first  monographic  work  of  importance  to  appear  in 
this  country  being  Professor  Zirkel's  Microscopical  Petrography, 
which  formed  Volume  vi  of  the  Monographs  of  the  United  States 
Geological  Survey  of  the  Fortieth  Parallel  under  Mr.  Clarence  King, 
and  was  published  in  1876.^ 

The  efficacy  of  the  method  is  based  upon  the  fact  that  every  crystal- 
lized mineral  has  certain  definite  optical  properties,  that  is,  when  cut  in 
such  a  way  as  to  allow  the  light  to  pass  through  it,  will  act  upon  that 
light  in  such  a  way  as  to  enable  one  working  with  an  instrument  com- 
bining the  properties  of  a  microscope  and  stauroscope  to  ascertain  at 
least  to  what  crystalline  system  it  belongs,  and,  in  most  cases,  by  study- 
ing crystal  outlines  and  lines  of  cleavage,  the  mineral  species  as  well. 
To  enter  upon  a  detailed  description  of  the  methods  by  which  this  is 
done  would  be  out  of  place  here,  since  it  involves  the  polarization  of 
light  and  other  subjects  which  must  be  studied  elsewhere.    The  reader 


'Among  the  earlier  Araericau  workers  were  Dr.  G.  W.  Hawes^  who,  in  1878,  pub- 
lished an  important  work  entitled  Mineralogy  and  Lithology  of  New  Hampshire, 
forming  Part  IV  (251  pp.  and  12  colored  plates)  of  Volume  III,  Geology  of  New  Hamp- 
shire, by  C.  H.  Hitchcock;  Prof.  R.  Pumpelly,  of  Newport,  R.  I.;  Dr.  M.  E.  Wads- 
worth,  of  Cambridge,  Mass. ;  J.  H.  Caswell,  who  first  described  the  phonolites  of 
the  Black  Hills  (Geology  of  the  Black  Hills  of  Dakota,  1880);  Dr.  A.  A.  Julien,  of 
New  York;  and  Prof.  B.  J.  Harrington,  of  Montreal.  The  first  systematic  attempt 
at  section  cutting  in  the  United  States  was  made  by  Professor  Julien,  at  Columbia 
College,  in  New  York.  In  the  winter  of  1881  apparatus  was  set  in  motion  for  this 
purpose  in  the  National  Musuem,  under  direction  of  Dr.  G.  W.  Hawes,  and  later 
(1884)  by  the  United  States  Geological  Survey  in  the  Hooe  Building,  in  the  same 
city.  See  Modern  Petrography,  by  Dr.  George  H.  Williams,  D.  C.  Heath  &  Co., 
Boston,  1886,  for  a  brief  history  of  this  branch  of  the  science. 
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is  referred  to  any  aathoritative  work  on  the  subject  of  liglit,  and  to 
Prof.  J.  P.  Idding's  translation  of  Professor  Bosenbusch's  work  on 
optical  mioeralogy.' 

But  to  return  to  the  subject  of  makiug 
sections.    A   thin  chip  of  the  size  of  a 
nickel  5-cent  piece,  or  at  most  not  over  an 
inch  in  diameter  and  as  tliin  as  possible,  is 
brokenfrom  that  portion  of  the  rockselected 
for  study.     By  means  of  emery  and  water 
OQ  a  smooth  cant-iron  plate,  one  side  is  then 
ground  until  all  inequalities  are  obliterated. 
The  final  grinding 
must  be  done  with 
emery  so  fine    as 
to    leave    no    per- 
ceptible scratches. 
This  chip  is  then 
cemented,    smooth    „      „    „ ,      ,  .., 

'  Fio.  10.— BBlwim  bottle. 

side  down,  against 
a  small  piece  of  ordinary  double-thick 
window  glass,  by  means  of  Canada 
balsam,  such  as  may  be  procured  at 
almost  any  drug  store,  and  which,  in 
its  liquid  form,  is  best  kept  in  a  capi)ed 
bottle  as  shown  in  fig.  10.'  The  glass 
serves  merely  as  a  holder  and  may  be 
of  any  convenient  size.  Rectangular 
pieces  one  by  two  inches  have  been 
found  most  convenient  in  this  labora- 
tory. In  cementing  the  chip  a  few 
droi>s  of  the  liquid  balsam  are  placed 
upou  the  center  of  the  glass  slip,  which 
is  then  gently  heated  until  such  quan- 
tity of  the  volatile  constituents  pass 
off  that  on  cooling  the  residue  is  hard 
but  not  brittle.  Experience  is  here 
the  only  guide;  if  heated  too  long  it 
will  become  brittle  and  break  away; 
if  not  long  enough  it  is  soft  and  sticky. 
pi  Hard  enougli  to  be  impressed  slightly 

I  \j  by  the  thumb  nail  without  sticking  or 

P„  „  j,^  ,j  cracking  is  as  definite  as  can  be  well 

HouutiiigDMdhiuidrorMiM.  stated.     In  case  a  large  number  of 

sections  are  to  be  prepared  it  is  well 

'HicroacopicPhyBio^aphy  of  Bock-Maklog  Minerals.    Wiley  &  Sous,  New  York. 
I  Some  workers  profess  to  prefer  .1  mixture  of  Venetian  turpentine  and  white  shel- 
Imo  boiled  down  to  proper  conaiatency. 
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to  have  a  sufficient  quantity  of  balsam  already  evaporated  and  in  the 
form  of  sticks  or  lumps. 

When  the  balsam  on  the  glass  is  of  the  proper  condition  and  very 
fluid  as  well  as  free  from  bubbles,  the  hot  chip  is  placed  upon  it,  one 
edge  first  and  the  other  gradually  lowered  in  such  a  way  as  to  prevent 
the  inclusion  of  air  bubbles.  A  needle  point  set  in  a  wood  handle  (fig. 
11)  and  a  small  pair  of  spring  forceps  (fig.  12)  will  be  found  serviceable 
for  this  purpose.  The  chip  is  then  pressed  into  the  balsam  and  as 
closely  to  the  glass  as  possible.  It  is  best  to  work  the  chip  back  and 
forth  a  little  in  order  to  accomplish  this.  If  too  much  balsam  is  allowed 
to  remain  between  the  glass  and  stone  chip  the  section  will  be  found  to 
remain  thick  in  the  center  and  grind  away  on  the  edges,  and  ultimately 
become  lost  or  so  reduced  in  size  as  to  be  of  little  value,  before  the  desired 


thinness  is  reached.  This  matter  of  mounting  is  best  carried  on  by 
means  of  an  iron  plate  sufficiently  thick  to  retain  a  level  surface*  which 
is  supported  at  the  four  comers  and  heated  by  means  of  a  lamp  beneath 
(fig  13).  After  the  chip  is  once  in  place,  the  slip  is  removed  from  the 
plate  and  placed  in  a  horizontal  position  upon  the  table  to  cool. 

The  grinding  now  is  carried  on  precisely  as  before,  the  glass  serving 
as  a  holder  for  the  fingers,  and,  being  transparent,  allows  the  worker  to 
observe  just  the  condition  of  the  slide  at  any  moment.  Care  needs  be 
exercised  as  the  section  becomes  thinner,  and  it  is  well  to  have  two  or 
more  plates  upon  which  emery  of  different  degrees  of  fineness  is  used. 
This,  however,  is  not  essential,  though  after  the  section  is  well  on  toward 
completeness  a  single  coarse  grain  coming  in  contact  with  it  may  create 
sad  havoc.  The  final  grinding,  the  writer  has  found,  can  be  best  done 
on  a  sloping  plate  of  ground  glass  (fig.l4),  using  only  the  finest  washed 
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emery.  It  is  not  necessary  that  the  section  be  polished,  as  the  balsam 
in  which  it  is  mounted  will  correct  all  inequalities  and  bring  about  the 
same  results.  When  of  the  proper  thinness — and  there  is  no  definite 
rule — say  from  xh^  to  ^^o  inch,  it  is  washed  in  alcohol  or  spirits  of  tur- 
pentine to  remove  all  the  old  balsam  and  included  dirt,  as  well  as  such 
particles  of  the  emery  as  ma}^  have  become  embedded  in  the  section. 
This  may  be  done  with  an  ordinary  toothbrush  and  in  running  water. 
If  the  chip  IS  proi)erly  secured  to  the  glass  there  is  no  fear  of  injuring 
it  in  this  work,  but  it  may  be  brushed  over  vigorously. 

This  done,  the  slip  for  the  final  mounting  is  placed  upon  the  iron 
plate,  not  too  hot,  and  the  cleaned  section  still  on  the  thick  glass 
beside  it.  A  drop  of  liquid  balsam  is  then  put  both  upon  the  center  of 
the  fresh  slip  and  upon  the  section.  Both  are  allowed  to  become  suffi- 
ciently warm  to  spread  out  well,  but  not  enough  to  become,  on  cooling, 
80  hard  as  in  the  first  process.  A  thin  cover  glass  is  then  laid  over  the 
section  and  pressed  down  in  place  as  though  for  a  permanent  mount. 
Then  taking  this  slip  with  the  section,  b}^  means  of  forceps,  in  the  left 
hand,  bring  it  directly  over 
the  clean  mounting  slip, 
and  by  means  of  a  needle 
point  in  the  right  hand 
push  the  ground  section 
and  its  cover  glass  with  it 
oft*  into  the  balsam  on  the 
new  slide,  in  such  a  way 
as  to  exclude  air  bubbles. 
The  object  of  first  putting 
the  cx)ver  on  the  section  is 
merely  to  give  it  support  in 
process  of  transfer.  Otherwise  it  is  liable  to  become  broken.  Many 
rocks,  such  as  sand  and  limestones,  are  so  friable  that  in  the  form  of 
thin  films  they  can  not  be  transferred  at  all,  but  must  be  mounted  for 
grinding  on  the  thin  glass  on  which  they  are  to  remain  and  afterwards 
covered  without  removal.  In  such  cases  the  cover  glasses  are  best 
cemented  on  by  means  of  a  solution  of  hard  balsam  in  ether  or  chloro- 
form. Since  in  the  work  of  grinding  the  slide  becomes  badly  scratched 
and  otherwise  defaced,  it  is  well,  for  appearance's  sake,  to  grind  the 
entire  surface  of  the  slide  before  mounting.  The  index  of  refraction  of 
the  balsam  is  such  as  to  correct  all  inequalities  in  the  glass  and  the 
resultant  slide  is  very  pretty.  In  case  a  rock  is  so  friable  as  to  prevent 
the  production  of  the  smooth  surface  so  essential,  it  can  be  indurated 
by  boiling  in  balsam  until  the  latter  has  so  permeated  all  the  pores  as 
to  act,  on  cooling,  as  a  cement.  Slides  made  from  such  chips  can  not 
be  transferred,  as  a  matter  of  course. 

In  the  final  mounting  some  care  is  also  necessary  in  evaporating  the 
balsam  to  just  the  right  consistency.    If  left  too  soft  it  will  continue  to 


Fia.  14.— Grinding  plate. 
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Bridqeporff 


Fig.  15.— Thin  section. 


exude  gradually  from  uuder  the  edge  of  the  cover,  rendering  the  slide 
sticky  and  disagreeable  to  handle.  If  too  hard,  on  the  other  hand,  it 
soon  crackles,  or  perhaps  allows  the  cover  to  spring  off  on  the  occasion 
of  any  slight  jar. 

Kever  mount  sections  for  actual  work  on  the  long  (3-inch)  slides  such 
as  are«ordinarily  used  for  histological  work,  as  they  project  beyond  the 

edge  of  the  stage  and  interfere  with  its  revolution. 
The  sizes  mostly  used  by  petrologists  are  either  28 
by  48  mm.,  or  32  mm.  square.  The  former  has  been 
adopted  in  this  department.  For  ordinary  work  a 
21  mm.  square  cover  glass  is  sufficient  (see  fig.  15.) 
Inasmuch  as  special  care  must  be  exercised  in 
the  preservation  of  the  sections,  the  following  is 
given,  although  not  absolutely  germane  to  the  sub- 
ject in  hand.  The  article  is  reproduced  essentially 
as  it  first  appeared  in  Science  for  November  25, 1892. 

As  it  happened,  we  bad  in  stock  a  number  of  paste  board 
boxes  some  93  miUimeters  wide,  143  millimeters  long,  and  48 
millimeters  deep,  all  inside  measurements.  The  dimensions 
of  our  standard  slide  are  48  by  28  miUimeters.  By  means  of 
two  wooden  partitions,  some  3  millimeters  thick,  mnning 
lengthwise,  each  box  was  divided  into  three  equal  compartments,  the  partitions 
being  held  in  place  by  glue  reenforced  by  two  small  tacks  at  each  end.  Heavy 
manila  wrapping  paper,  such  as  we  also  had  in  stock,  was  then  cut  into  strips  25 
millimeters  wide  and  as  long  as  the  sheet  of  paper  would  aUow,  in  this  case  aboat 
7  feet.  These  strips  were  then  bent  into  a  series  of  folds,  as  shown  in  the  accom- 
panying iUustration,  the  apices  being  rounded,  not  pinched  flat.  If  carefully  done, 
the  folds  when  crowded  gently  together  act  as  a  spring.  Two  of  these  folded  strips 
were  then  placed  lengthwise  in  each  compart- 
ment, and  the  slides  introduced,  standing  on 
end,  between  the  folds  at  the  top.  A  box  as 
thus  .prepared  readily  holds  three  rows  of  50 
slides  in  a  row,  or  150  altogether. 

Each  slide  is.separnted  from  its  neighbor  in 
the  same  row  by  a  double  thickness  of  manila 
paper,  which,  owing  to  its  manner  of  folding, 
acts  as  a  spring,  and  avoids  all  possible  danger 
of  breakage.  When  all  the  compartments  are 
filled,  the  space  between  the  tops  of  the  slides 
in  any  row  is  but  about  2  millimeters;  but 
there  is,  nevertheless,  no  difhculty  in  removing 
a  slide  or  in  getting  at  it  to  read  the  label 
without  remo\al,  since,  owing  to  the  yielding 
nature  of  the  paper,  the  tops  may  be  readily 
drawn  apart.  In  this  respect  the  box  oflers  a 
great  advantage  over  those  with  rigid  wooden 

compartments,  such  as  are  commonly  in  use.  The  first  box  was  made  merely  as  an 
experiment.  It  proved  so  satisfactory  that,  for  the  time  being  at  least,  it  is  the  form 
adopted  for  storing  the  several  thousand  slides  forming  the  mnseum  collections. 

I  have  attempted  to  show  the  arrangement  as  above  described  in  the  accompany- 
ing drawing.  In  reality  the  slides  are  held  much  more  firmly  than  indicated,  since 
the  paper  bulges  and  comes  against  both  the  front  and  back  of  the  slides,  the  full 


Fiu.  16.— Storage  frame 
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leng:th  of  the  fold  instead  of  merely  at  the  bottom.  It  will  very  likely  strike  the 
reodeT  that  a  better  material  than  paper  might  be  fouud.  I  caa  only  st^ate  tbat  after 
considetable  eziierimentiug  the  paper  was,  all  things  consiilered,  found  most  aatie- 
factcry. 

The  work  of  grinding  tlie  section,  although  laborious,  requires  only 
such  skill  as  almost  anyone  can  shortly  acquire.     Where  but  few  are 
to  be  prepared  the  grinding  may  be  done  entirely  by  hand,  and  on  any 
smooth  piece  of  cast  iron,  sacb  as  the  circular  covers  used  on  cooking 
stoves  aud  ranges.    This  process  is  uecessarily  slow,  and  whenever 
possible  it  is  best  to  have  a  simple  machine  consisting  of  one  or  more 
horizontally  revolving  iron  plates  some  tea  to  twelve  inches  iu  diameter, 
driven  by  foot  or  other  power.    This  plate,  or  lap  as  it  is  not  infre- 
quently called,  should  be  made  to  revolve  in  a  zinc  or  lead  lined  box, 
the  sides  of  which  are  elevated  an 
inch  or  so  above  the  level  of  the 
plate.    This  not  merely  to  prevent 
the  mud  from  the  wheel  from  fiying 
over  the  workman,  but  for  the  pur- 
pose of  preserving  the  mud,  which 
may  be  used  over  many  times  to 
advantage.     It  is  essential  that  the 
lap  be  driven  by  means  of  a  belt 
rather  than  cogwheels,  and  that 
the  Shalt  have  a  balance  wheel 
SQfficieutly  large  to  give  a  uniform 
rate  of  revolution.     How  fest  the 
plate  should  revolve  depends  ou 
the  individual.    If  too  rapidly  the 
emery  flies  off  without  doing  its 
work.    About  1,000  revolutions  to 
the  minute  has  been  found  quite 

..   „     ,  ,         , ,  .         .  ,  .  Fw.n.— Grinding  wheel. 

satisutctory   in    this    department. 

Such  a  machine  may  be  made  at  small  cost  by  any  intelligent  machinist 
(see  fig.  17).  The  demand  has  as  yet  been  scarcely  sufficient  to  cause 
them  to  be  kept  ready-made.  In  the  Johns  Hopkins  University  Cir- 
colars  (Vol.  xn,  No.  103, 1803),  and  also  in  tbe  American  Journal  of 
Science  for  February,  1803,  was  described  and  figured  a  machine  built 
nader  tbe  direction  of  the  late  Dr.  George  H.  Williams. 

When  the  nature  of  tbe  material  is  such  as  to  necessitate  sawing 
instead  of  breaking  with  the  hammer,  in  order  to  get  the  desired  chip 
for  grinding,  a  horizontally  revolving  tin  or  soft  iron  plate  some  10 
inches  in  diameter  may  be  used,  the  cutting  material  being  fine  emery 
or  carbonuidam  mod  applied  with  a  brush  in  one  hand  while  the  object 
to  be  cut  is  pressed  against  the  edge  of  the  plate  with  the  other.  A 
better  though  from  necessity  more  expensive  method  is  afforded  by  the 
BmaU  diamond  saws  made  by.  W.  0.  Kerr,  of  292  Westminster  street, 
Providence,  B.  I.,  at  $12  per  dozen.    These  are  simply  tin  disks  charged 
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for  a  width  of  an  eighth  of  an  inch  or  so  on  the  edge  with  diamond 
dnst.  Some  workers  prefer  to  make  their  own  saws.  The  following 
is  the  method  advocated  by  Prof.  J.  E.  Wolff,  of  Harvard  College,  in 
the  American  Jooi'ual  of  Science: ' 

From  a  tinsmith  are  procared  disks  of  ordinary  sheet  tin,  6  inches  in  diameter, 
with  a  central  hole  five-eighths  of  an  inch  in  diameter,  to  fit  the  arbor  of  the  lathe. 
Two  round  wooilen  blocks  are  turned  out  from  board,  about  5^  inches  in  diameter, 
and  a  central  hole  of  the  same  size  as  that  of  the  disk  bored  in  one,  while  a  corre- 
sponding round  wooden  stick  is  set  into  the  center  of  the  other.  The  tin  disk  is  then 
placed  between  the  two  blocks,  the  rouud  stick  holding  it  central,  and  the  whole 
fastened  in  a  vise.  The  edge  of  the  disk  projecting  beyond  the  wood  is  then  notched 
by  a  shoemaker's  knife,  which  is  held  against  it  and  struck  a  sharp  blow  with  a  light 
stick,  but  the  plane  of  the  knife  is  held  slanting  or  oblique  to  the  plane  of  the  disk 
and  not  transverse,  and,  moreover,  is  inclined  on  opposite  sides  in  adjacent  quad- 
rants. The  notches  are  made  as  close  t-ogether  as  possible  without  breaking  the  tin, 
and  about  one- tenth  of  an  inch  deep.  The  bort  (preferably  the  so-called  scrap  car- 
bon left  as  waste  from  diamond  drills)  is  pulverized  in  a  diamond  mortar  to  a  fine 
sand,  corresponding  nearly  to  grade  100  in  corundum  or  emery  powder,  mixed  with 
a  little  oil  to  form  a  stiff  pa^e,  and  inserted  between  the  teeth  of  the  saw  by  a 
pointed  match.  The  edge  is  then  gently  hammered  back  to  a  plane,  using  a  light 
hammer  on  an  anvil,  and  the  saw  then  turned  over  and  hammered  smooth  on  the 
other  side.     It  recjuires  1  carat  of  bort  to  charge  a  saw  projierly. 

By  this  method,  which  has  been  perfected  in  the  laboratory  by  Mr.  C.  L.  Whittle, 
the  bort  is  forced  into  the  tin  and  held  fast  by  the  teeth,  which,  owing  to  the  oblique 
cutting  of  the  notches,  press  tightly  together  when  hammered  back  to  xdace.  The 
teeth  are  cut  obliquely  on  opposite  sides  in  adjoining  quadrants,  in  order  to  distrib- 
ute the  bort  equally  on  both  sides  of  the  saw.  A  refinement  on  the  notching  proc- 
ess described  above  consists  in  the  use  of  a  brass  disk  with  guide  notches  cut  into 
its  edge,  by  which  the  knife  can  be  guided  and  the  notches  made  evenly.  Saws 
thus  made  will  do  a  surprising  amount  of  work  before  wearing  out.  In  two  cases, 
where  a  record  was  kept,  the  saws  cut  respectively  300  and  4(X)  square  inches  of 
rock,  mainly  of  crystalline  varieties. 

Carborundum  will,  in  many  cases,  be  found  to  serve  as  a  cutting 
medium,  aud  is  much  less  expensive  than  diamond  dust. 

Saws  of  this  nature  cut  with  a  very  smooth  scaif  and  can  be  utilized 
for  a  variety  of  purposes.  They  are  particularly  serviceable  in  cutting 
shells  designed  for  exhibition  in  museums,  the  thinnest  septa  rarely 
becoming  broken  in  the  process.  For  cutting  large  massive  specimens 
for  exhibition  several  forms  ot  saws  are  available.  One  in  use  for  sev- 
eral years  in  the  Museum  laboratories  is  what  is  known  as  a  reciprocat- 
ing saw,  built  on  the  same  general  i)lan  as  the  larger  saws  in  general 
use  in  stone  yards  throughout  the  country.  The  saw  blades  are  of  soft 
iron,  with  a  few  obscure  notches  in  the  lower  edge,  the  cutting  material 
being  quartz  sand,  emery,  corundum,  or  chilled  iron,  according  to  the 
hardness  or  toughness  of  the  material  to  be  cut.  Any  number  of  saw 
blades  fix)m  one  to  ten,  making  a  corres[>onding  number  of  cuts,  can  be 
used  at  once.  Other  workers  prefer  saws  in  the  form  of  large  steel, 
copper,  or  sheet-iron  disks,  like  the  circular  saws  used  in  cutting  lum- 
ber, but  without  teeth,  revolving  vertically,  the  cutting  material  being 
of  the  same  nature  as  with  the  reciprocating  saw. 

^Am.  Jour,  of  Science,  May,  1894,  p.  335. 
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A  form  of  catting  machine  employed  for  some  years  in  the  laboratory 
of  the  United  States  Geological  Survey,  and  in  favor  of  which  much 
can  be  said,  consists  merely  of  an  endless  soft  iron  wire  running  like  a 
belt  or  band  saw  over  two  grooved  pulleys.  These  pulleys,  which  are 
some  18  iuches  in  diameter,  revolve  in  the  same  vertical  plane.  The 
lower,  to  which  the  power  is  imparted  by  means  of  a  small  pulley  ahd 
belt,  revolves  in  stationary  bearings,  while  the  upper,  by  means  of  two 
upright  standards,  is  free  to  move  a  distance  of  several  inches  in  a 
vertical  direction.  This  permits  the  ready  replacement  of  the  cutting 
wire  when  necessary,  while  at  the  same  time  it  permits,  by  means  of 
weights,  a  constant  tension  to  be  brought  upon  the  wire,  otherwise 
hkely  to  become  loose  through  stretching.  At  the  Survey  laboratory 
a  No.  16  soft  iron  wire  is  used  mainly.  After  being  cut  to  the  right 
length  the  ends  are  beveled  and  bound  with  liue  wire,  such  as  is  used 
by  florists,  and  then  soldered  with  hard  solder.  After  cooling  the 
excess  of  solder  is  removed  by  filing.  The  pulleys  are  made  to  revolve 
at  about  the  rate  of  400  revolutions  per  minute,  and  wet  emery  applied 
either  by  the  hand  or  a  brush,  while  the  object  to  be  cut  is  held  imme- 
diately below.  A  table,  through  which  the  wire  runs  like  a  mechanic's 
band  saw,  serves  to  support  and  steady  the  object.  Such  a  saw  has  the 
advantage  of  the  reciprocating  saw  above  described,  in  that  the  pres- 
sure may  be  made  constant  and  steady,  there  being  no  blow  such  as  is 
imparted  by  the  constant  lifting  and  dropping  of  the  saw  frame  in  order 
to  allow  the  cutting  material  to  be  washed  into  the  scarfl 


smiths6nian  institution. 

UNITED    STATES  NATIONAL    MUSEUM. 


DIRECTIONS  FOR  COLLECTING  SPECIMENS  AND 

INFORMATION     ILLUSTRATING    THE 

ABORIGINAL  USES  OF  PLANTS. 


BY 


FREDERICK  V.  COVILLE, 

Honorary  Curator  t^f  tk€  Department  of  Botany, 


Part  J  of  BuUetia  of  the  United  States  National  Museum,  No.  19, 


WASHINGTON: 

COVERNMIiNT   PRINTING   OFFICE. 
1895. 


DIRECTIONS  FOR  COLLECTING  SPECIMENS  AND  INFOI 
TION  ILLUSTRATING  THE  ABORIGINALUSES  OF  PLAN' 


By  Frehrrick  V.  Covillb, 
Bvnorary  Curator  of  i*e  Department  of  Botanf. 


aSIfETtA.L  REMARKS. 

laformation  oa  tUe  snbject  of  aboriginal  botany  may,  of  conn 
best  obtained  by  actual  observation  and  by  conversation  with  inc 
luls  of  tlioHO  tribes  among  whom  primitive  ushb  of  plants  are  »t 
\  o^e.  Id  the  United  States  at  the  present  time  nearly  all  of  the  u 
tribes  are  aaseinbled  on  reBervations,  and  are  in  charge  of  public  a 
who  attend  to  their  relations  with  the  Goverument.  In  addition, 
tribes  are  supplied  with  Government  schools,  in  charge  of  teacher 
subject  to  the  inspection  of  a  superintendent.  In  each  tribe  thei 
prominent  men,  either  chiefs  or  mediciue  men,  from  whom,  under  f 
able  circumstances,  better  infornvttion  may  be  obtained  than  froi 
average  individual.  This  is  particularly  true  of  the  medicine  mei 
women  who  are  themselves  expert  in  the  practice  of  medicine,  ac 
lug  to  the  Indian  ideas,  and  are  usually  persons  of  exceptional  bee: 
and  knowledge,  not  only  of  the  materials  with  which  they  work,  I 
the  aboriginal  products  and  usages  as  well.  It  is  through  thes( 
other  prominent  iudividuala,  Indian  teachers  and  saperintendeuti 
occasionally  agents,  that  information  is  ordinarily  most  easily  ao 
ble.  In  the  absence,  however,  of  sach  favorable  opportnnitlei 
average  Indian  will  be  found  capable  of  communicating  a  great 
of  useful  information.  It  must  be  borne  in  mind  by  the  observei 
actual  observation  conscientiously  made,  so  as  to  reduce  the  possi 
of  error,  is  far  more  valuable  than  any  amount  of  secoud-haod  in 
adon,  and  that  a  single  positive  detailed  record,  accompanied  by 
specimens  of  the  products  under  discussion,  is  of  permanent  and  a 
inestimable  valne  to  the  history  of  aboriginal  botany.  It  is  such 
and  materials  that  the  observer  should  secnre.  Hearsay  evidei 
principally  useful  in  suggesting  to  others  lines  of  iuveatigation. 
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MATERIAL  TO  BE  COLLECTED. 

Material  for  identification. — Probably  the  most  important  feet  to  be 
learned  about  a  vegetable  product  of  aboriginal  use  is  the  scientific 
name  of  the  plant  from  which  it  was  derived.  To  obtain  material,  there- 
fore, upon  which  a  positive  identification  can  be  made  should  be  the 
first  object  of  the  observer.  If  he  is  a  botanist,  and  consequently  in  the 
habit  of  making  herbarium  specimens,  he  will  be  able  to  forward  material 
in  that  form,  which  is  wholly  satisfactory  for  the  purpose.  To  those 
not  familiar  with  the  preparation  of  herbarium  specimens  the  following 
brief  statement  will  be  found  useful:  A  herbarium  specimen  should 
consist  of  a  flowering  or  fruiting  plant,  including  not  merely  the  por- 
tion above  ground,  but  such  an  amount  of  the  root,  rootstock,  tuber,  or 
other  underground  parts  as  will  indicate  clearly  their  characteristics. 
It  is  often  impossible  to  secure  all  these  portions  of  a  plant  on  a  single 
specimen,  but  two  or  more  should  be  collected  when  necessary.  The 
specimen  should  be  placed  in  a  folded  sheet  of  bibulous  paper,  such  as 
the  cheaper  grades  upon  which  common  daily  newspapers  are-printed. 
These  sheets  containing  the  plants  are  placed  in  a  pile  alternating 
with  two  or  three  sheets  of  common  carpet  paper,  or  blotting  paper, 
and  subjected,  between  two  boards  of  the  same  size  as  the  sheets,  to  a 
pressure  of  15  to  30  pounds,  applied  by  straps  or  by  a  weight,  and  so 
regulated  as  neither  to  crush  the  tender  parts  of  the  green  specimens 
nor  to  allow  the  leaves  to  wrinkle  in  drying.  Stems,  roots,  or  other 
parts  exceeding  a  quarter  of  an  inch  in  thickness  should  be  thinned 
on  the  back  with  a  knife  before  pressing.  Specimens  of  fleshy  fruits, 
additional  to  the  plant  itself,  may  be  dried  in  the  open  air,  inclosed  in 
envelopes,  and  placed  in  the  folded  sheets  with  the  specimens  of  the 
plant.  The  specimens  in  their  containing  sheets  should  be  removed 
from  the  pile  of  moist  carpet  paper  each  day  to  a  similar  pile  of  well- 
dried  ones,  and  in  most  cases  they  will  be  found  thoroughly  pressed 
and  dried  within  three  to  seven  days.  The  sheets  upon  which  speci- 
mens are  mounted  in  most  herbaria  are  of  a  standard  size,  11^  by  16^ 
inches,  and  all  the  specimens  dried  should  come  within  this  limit.  It 
is  best,  therefore,  to  use  carpet  paper  and  containers  no  larger  than 
the  herbarium  sheets.  If  a  plant  is  too  large  to  be  preserved  entire  in 
its  normal  position  it  may  be  bent  in  the  form  of  an  inverted  Y  or  an  N 
and  brought  within  the  proper  dimensions,  or,  if  still  too  large,  as  in 
the  case  of  trees  and  some  herbaceous  plants,  branches  and  other  por- 
tions of  suitable  size,  illustrative  of  the  whole  plant,  should  be  secured. 

If  it  is  impracticable  for  the  observer  to  prepare  herbarium  speci- 
mens, he  should  collect  a  specimen  of  the  entire  plant,  or,  in  the  case 
of  very  large  plants,  representative  portions,  wrap  them  up  securely  in 
paper  while  still  fresh,  using  preferably  a  glazed  or  oiled  paper,  and 
forward  immediately,  so  that  they  may  reach  their  destination  in  a 
fresh  state.    Herbarium  specimens  may  be  preserved  indefinitely,  and 
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when  ready  for  shipment  should  be  packed  between  two  sheets  of  stiff 
pasteboard,  tightly  wrapped,  and  tied. 

In  labeling  specimens  the  directions  given  below  shoald  be  followed. 

Materials  illustrating  manufacture  and  use. — 'Next  in  importance  to 
the  identification  of  the  plant,  in  our  observations,  comes  the  question 
of  its  manufacture.  This  should  be  illustrated  by  specimens  of  the 
crude  materials  in  all  the  different  stages  through  which  they  pass, 
together,  when  possible,  with  specimens  of  the  completed  product.  In 
the  case,  for  example,  of  a  plant  whose  roots  are  used  for  food,  speci- 
mens of  the  root  should  be  obtained,  preferably  those  dug  by  the 
Indians  themselves;  other  specimens  of  the  root  after  cooking;  stUl 
others  after  the  material  is  ground  or  otherwise  prepared  for  its 
ultimate  use;  and  if  the  ground  product  is  made  into  cakes  or  bread, 
samples  of  these  also.  The  methods  of  preparation  are  so  varied  in 
the  case  of  different  seeds,  fresh  fruits,  roots,  textile  products,  etc., 
that  no  single  rule  can  be  given  except  to  secure  specimens  illustrating 
every  stage  in  the  process  of  preparation.  Paper  envelopes  or  cloth 
bags  are  convenient  receptacles  for  these  materials,  labeled  according 
to  the  directions  given  below.  On  account  of  their  liability  to  injury 
from  moisture,  insects,  or  other  causes,  it  is  preferable  to  forward  spec- 
imens to  their  destination  at  once.  But  if  this  is  impossible,  they 
should  be  kept  in  a  dry  place,  and,  if  they  become  infested  by  insects, 
should  be  subjected  to  the  vapor  of  carbon  bisulphide  (a  poisonous  and 
highly  inflammable  substance^,  naphthaline,  or  any  of  the  commercial 
products  commonly  employed  to  prevent  the  ravages  of  moths  and 
other  insects. 


DESCRIPTION  OP  SPECIMENS,  AND  NOTES. 

Specimens  forwarded  to  the  Smithsonion  Institution  should  be  care- 
fully labeled,  as  in  the  absence  of  proper  data  they  are  almost  worthless. 
Notes  are  always  of  interest,  even  when  not  illustrated  by  specimens, 
but  they  become  especially  important  when  well-labeled  specimens 
accompany  them.  Descriptions  of  such  articles  are  then  capable  of 
verification  at  any  time  in  the  future. 

Labeling  of  specimens. — Each  specimen  should  be  marked  by  a  num- 
ber, the  numbers  arranged  chronologically  in  the  order  of  collecting. 
These  numbers  should  be  entered  in  a  blank  book,  or  on  separate  sheets 
suitable  for  ultimate  binding,  and  with  each  number  the  requisite  data 
should  be  written,  whether  the  specimen  is  a  plant  collected  for  the 
purpose  of  identification  or  is  a  derivative  product.  These  sheets,  pre- 
ferably about  54  by  84  inches  in  size,  should  accompany  the  specimens 
to  their  destination,  duplicates  being  retained  by  the  sender  if  he 
desires.  A  blank  space  should  be  left  for  the  insertion  of  the  technical 
name,  and  below  should  be  given  the  common  and  aboriginal  names, 
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when  known,  the  date  and  place  of  collecting,  the  name  of  the  collector, 
the  object  for  which  it  is  used,  the  name  of  the  tribe,  and  the  part  used. 
These  facts  may,  for  convenience,  be  arranged  in  the  following  order: 

1.  Number.  7.  Uses. 

2.  Common  name.  8.  Part  used. 

3.  Aboriginal  name  of  plant.  9.  Date  of  collecting. 

4.  Aboriginal  name  of  derived  product.  10.  Collector. 

5.  Tribe.  11.  General  remarks. 

6.  Place. 

Descriptive  matter. — Specimens  labeled  as  described  above  do  Dot 
furnish  complete  information  on  the  uses  of  the  particular  plants  tbat 
they  represent,  but  they  constitute  the  basis  upon  which  detailed 
descriptions  may  be  made.  Often  no  one  is  better  able  to  furnish  these 
descriptions  than  the  observer  himself,  and  this  should  always  be  done 
whenever  any  additional  information  can  thus  be  conveyed.  The 
descriptive  matter  should  cover  especially  the  method  of  manufacture 
and  the  method  of  use,  but  it  is  not  desired  under  that  heading  to  enter 
largely  into  the  customs  of  the  Indians,  at  least  not  into  their  ethno- 
logical features.  The  following  will  serve  to  indicate  the  nature  of  the 
descriptive  matter  desired : 

One  of  the  prickly  pears,  Opuntia  basilariSf  is  used  by  the  Indians,  prepared  in  a 
peculiar  manner.  In  May  and  early  June  the  flat,  fleshy  joints  of  the  season's  growth, 
as  well  as  the  bnds,  blossoms,  and  immature  fruit  are  fully  distended  with  sweet 
sap.  They  are  broken  off  with  sticks,  and  collected  in  large  baskets.  Each  joint, 
having  been  carefully  rubbed  with  grass  to  remove  the  fine,  barbed  prickles,  is 
exposed  to  the  heat  of  the  sun.  When  they  are  thoroughly  dry  they  will  keep 
indefinitely,  and  are  prepared  for  eating  by  boiling  and  adding  salt.  Instead  of 
the  drying  process  another  more  elaborate  is  sometimes  adopted.  A  hole,  about  10 
inches  in  depth  and  3  feet  in  diameter,  is  dug  in  the  ground  and  lined  with  stones. 
Upon  this  a  fire  is  built  and  other  stones  thrown  in.  When  they  are  aU  thoroughly 
heated,  the  ashes,  coals,  and  all  but  one  layer  of  stones  are  scraped  away,  and  some 
fresh  or  moistened  grass  spread  in  the  hole.  Next  a  layer  of  cactus  joints  is  added, 
then  more  hot  stoneH,  and  so  on,  till  the  pile  is  well  rounded.  The  whole  is  then  cov- 
ered with  sacking  (originally  with  a  mat  of  sedges),  and  lastly  with  moist  earth. 
After  about  twelve  hours  of  steaming  the  pile  is  opened  and  the  nil'-vO,  as  the 
cooked  cactus  is  called,  is  salted  and  eaten.  Prepared  as  it  is,  in  larger  quantities 
than  can  be  disposed  of  at  once,  a  portion  is  dried  and  preserved.  It  is  then  in 
texture  and  appearance  similar  to  unpeeled  dried  peaches.' 

Fiber  materialsj  Uhua  trilobataand  Salix  lasiandra. — Sumac  and  willow  are  prepared 
for  use  in  the  same  way.  The  bark  is  removed  from  the  fresh  shoots  by  biting  it 
loose  at  the  eud  and  tearing  it  off.  The  woody  portion  is  scraped  to  remove  bud  pro- 
tuberances and  other  inequalities  of  the  surface,  and  is  then  allowed  to  dry.  These 
slender  pieces  of  wood,  that  they  may  be  distinguished  from  the  other  elements  of 
basket  materials,  will  be  called  withes.  The  second  element  is  prepared  from  the 
same  plants.  A  squaw  selects  a  fresh  shoot,  breaks  off  the  too  slender  upper  portion, 
and  bites  one  end  so  that  it  starts  to  split  into  three  nearly  equal  parts.  Holding 
one  of  these  parts  in  her  teeth  and  one  in  either  hand,  she  pulls  them  apart,  guiding 
the  split  with  her  fingers  so  dexterously  that  the  whole  shoot  is  divided  into  three 
equal  even  portions.  Taking  one  of  these,  by  a  similar  process  she  splits  off  the  pith 
and  the  adjacent  less  flexible  tissue  from  the  inner  face  and  the  bark  from  the  oater, 

*Amer.  Anthrop.,  Y,  p.  854,  1892. 
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leaving  a  pliant,  flat  strip  of  yoang  willow  or  sumao  wood.  This  is  hero  designated 
a  strand.  Both  wither  and  strands  may  be  dried  and  kept  for  months  and  probably 
even  for  several  years,  but  before  being  used  they  are  always  soaked  in  water.* 

It  is  hardly  possible  to  go  too  much  into  detail  in  description  when 
the  detail  is  based  upon  actual  observation.  Finally,  the  observer 
should  always  remember  that  a  single  positive  fact  or  series  of  facts 
derived  from  actual  observation  among  the  aborigines  themselves  has 
a  greater  and  more  permanent  value  than  an  indefinite  amount  of  infor- 
mation made  unauthentic  by  the  uncertainty  of  its  origin  or  by  care- 
lessness on  the  part  of  the  one  who  records  it. 

ABOBiaiNAL  USES  OP  PLANTS. 

The  following  list  will  suggest  to  the  collector  the  principal  uses  to 
which  plants  are  applied  by  aboriginal  races  in  Korth  America: 

Food: 

Foods  proper — 

Farinaceous — Seeds,  nnts,  starchy  roots,  tubers,  bulbs. 
Saccharine — Sugar-pine  exudates,  maple  sugar. 
Herbaceous — Pot  herbs,  mescals. 
Fleshy  fhiits — Berries,  plums,  cherries. 
Condiments — Bed  pepper,  sassafras. 
Drinks — 

Simple  aqueous  drinks. 
Acid  drinks. 
Fermented  drinks. 
Distilled  drinko. 
Narcotic  drinks. 
Clothing : 

For  protection  and  use — Hats,  bark  dresses,  moccasin  thread. 
For  ornament — Necklaces,  hair  ornaments,  paints,  dyes. 
House  and  furnishings : 
House  building — 

House  frames — ^Timber,  poles. 
House  coverings — Bark,  mats,  thatch. 
House  furniture — 

Beds — Blankets,  mats. 
Domestic  utensils- 
Food  utensils — Baskets,  sieves,  mortars. 
Water-holding  utensils — Baskets. 
Washing  utensils — Soap. 
Child-rearing  utensils — 

Cradles — ^Frames,  coverings,  stuffing  materials. 
Heating,  cooking,  and  lighting: 
Hatches — Fire  sticks. 
Tinder — Punk,  moss,  cottony  substances. 
Fuel — Ordinary  wood,  resinous  woods  and  bark,  vegetable  oils. 
Fire  receptacles — Stoves,  candlesticks,  lamps,  lamp  wicks. 
Mannfacture : 

General  tools — ^Drills,  mallets,  ax  and  hammer  handles. 

8i»ecial  tools — Sewing  tools,  arrow-making  tools,  net-making  tools ;  in  short,  the 
tool  chest  or  outfit  of  any  craft  whatever. 

lAmer.  Anthrop.,  Y,  p.  358,  1892. 
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Field  industries: 

Hunting — 

Killing — ClnbBy  spears,   bows,   bowstrings,   arrow    shafts,  arrow    points. 

quivers,  air  guns. 
Trapping — Traps,  snares,  nets. 

Fishing — Fish  nets,  weirs,  pounds;  fishhooks,  lines,  poles;  fiah  poiaone. 

Harvesting — Baskets,  paddles,  granaries. 
Travel  and  transportation : 

Boats — Bark  canoes,  dugouts,  wicker  boats. 

Land  yehicles — Sledges,  drag  poles. 

Packing  utensils — Pack  baskets,  fastening  cords. 

Snowshoes — Rims,  wlckerwork. 
Language  communication : 

Paper,  ink,  pens. 
War: 

Killing — Clubs,  bows,  arrows,  arrow  poisons,  quivois. 

Painting. 

Truce — Smoking. 
Amusement: 

Outdoor  games — Lacrosse  sticks, hoops  for  rolling;  hoops,  balls,  and  sticks  fot 
throwing. 

Indoor  games — Dice,  stick  throwing,  other  gambling  games. 
Ceremonial  and  religion: 

Music — String  instruments,  drums,  wind  instruments,  raltcs. 

Dancing— Special  ornaments,  masks. 

Smoking — Pipes,  tobacco. 
Medicinal  plants : 

External  use — Poultices,  ointments. 

Internal  use— Narcotics,  astringents,  and  other  medicine* 
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DIRECTIONS  FOR  COLLECTING  AND  PREPARING  FOSSILS. 


By  Charles  Scf 

4»»Ulant  Curator  of  Iht  Department  of  Patfuntoiogy. 


INTEODTICTION. 

Tbe  object  of  this  treatise  is  to  instruct  begiuners  in  the  stud;  of 
paleoiitulngy  in  regard  to  the  best  methods  of  collecting  and  preserving 
foHsil».  It  should  be  borne  in  mind,  however,  that  there  aro  no  I'vws 
governing  the  fonn.ition  of  a  collection  of  fossils.  Each  individual 
will  have  liis  own  way  ol  worliing  out  details,  and  all  that  is  here 
attempted  is  to  lay  before  the  render  some  methods  which  in  the  expe- 
rience of  many  have  protfed  most  advantageouH. 

PART   I. — FOSSILS  AND   THEIR    MANNER   OF   OCCURRENCE. 


According  to  a  definition  proposed  by  Charles  Ljell,  a  fossil  is  "any 
body,  or  the  traces  of  the  existence  of  any  body,  whether  animal  or 
vegetable,  which  has  been  buric<l  in  the  earth  by  natural  causes." 

Fossils,  or  "petrifaetions,"  as  tliey  are  sometimes  termed,  may  also 
be  defined  as  parts  of  plants  and  animals  once  living  in  the  water,  on 
the  land,  or  in  the  air.     Fossils  are  never  more  than  pai-ts  of  organ- 
isms, since  the  soft  structure  of  tlie  later  can  not  be  preserved,  though 
inipresidons  or  casts  of  them  are  Konietinios  retained  iu  line  seilimenta 
or  muds.     It  follows,  therefore,  that  fossils  are  usually  the  relics  of  the 
bard  parts  of  organisms,  such  as  the  shells  of  mollusks,  the  skeletons 
of  s]>ouge8  and  corals,  fhe  bones  of  flshcs,  birds,  or  mammals,  and  the 
wood,  bark,  or  leaves  of  plantH.    These  ancient  organisms  were  buried 
by  the  accnmulating  sediments  of  oceans,  lakes,  or  marshes.    Fossils 
may  preserve  much  of  their  original  mineral  matter,  or  may  h: 
greatly  altered  or  entirely  replaced,  subsetjueut  to  their  burii 
otber  mineral  substances.    Footprints,  trails,  or  burrows  left  b 
uals  uiton  saiul  or  mud  are  also  included  uudcr  the  term  fossils,  tj 
these  objects  were  at  no  time  parts  of  animals. 
[B] 


BULLETIN   89,  UNITED   STATES   NATIONAL   MUSEUM.  [6] 

CONDITIONS  IN   WHICH    FOSSILS  OCCrR. 

The  conditions  in  which  fossils  occur  in  nature  are  various,  and  it  is 
important  that  the  collector  of  extinct  plants  and  animals  should  be 
fomiliar  with  them.  This  subject  has  received  much  attention  from  Dr. 
Charles  A.  White,  an  honorary  curator  of  the  National  Museam,  and 
his  observations  are  given  in  his  valuable  essay  on  "The  relation  of 
biology  to  geological  in  vestigation,'^  which  because  of  its  completeness  is 
here  quoted  at  length.    He  writes :  * 

There  are  seven  different  natural  conditions  in  which  fossil  remains  are  recogniz- 
able, three  of  which  relate  to  substance,  three  to  form,  and  one  to  both.  To  those 
relating  to  substance  I  have  applied  the  terms  permineralization,  histometabasis 
[substitution],  and  carbonization;  to  those  relating  to  form,  the  terms  molds, 
imprints,  and  casts;  and  to  the  one  relating  to  botli  form  and  substance,  the  term 
pseudomorphism. 

Permineralized  fosHU. — The  term  permineralization  applies  to  that  condition  of 
fossil  remains  of  animals  which  differs  least  from  their  original  condition  as  parts 
of  living  animals,  such,  for  example,  as  bones  of  vertebrates,  shells  of  moUnsks, 
tests  of  crustaceans,  etc.  It  is  in  this  condition  that  the  greater  part  of  all  fossil 
remauis  are  found.  In  their  original  condition  they  were  all  composed  of  both  min- 
eral and  animal  matter.  Mineral  matter  greatly  preponderated  in  nearly  all  of 
them,  but  the  proportions  differed  much  in  the  case  of  different  branches  of  the 
animal  kingdom.  ^For  example,  the  proportion  of  animal  matter  is  much  greater  in 
bones,  even  in  their  most  solid  portions,  than  in  shells  of  mollusks  or  tests  of  most 
crustaceans.  In  all  cases,  however,  the  proportion  of  mineral  matter  was  suf- 
ficient to  perfectly  preserve  the  original  form  of  each  specimen  during  the  process 
of  fossihzation.  Their  only  material  change  in  this  process  was  the  removal  by 
decomposition  of  the  animal  matter  and  its  replacement  by  mineral  matter,  the  lat- 
ter having  been  added  as  a  precipitate  from  its  solution  in  the  waters  in  which  the 
fossilization  took  place.  This  having  been  continued  until  all  the  minute  inter- 
stices originaUy  occupied  by  the  animitl  matter  were  filled,  the  fossils  became 
wholly  mineralized  and  as  indestructible  as  are  other  minerals  of  like  composition. 
Indestructibility  of  these  fully  mineralized  fossils,  however,  is  not  in  aU  cases  abso- 
lute, as  will  appear  by  remarks  in  following  paragraphs. 

Fosaih  in  which  the  original  mineral  substance  is  exchanged  for  another. — ^Tbe  term 
histometabasis  is  applied  to  that  condition  of  fossilization  in  which  an  entire  exchange 
of  the  original  substance  for  another  has  occurred  in  such  a  manner  as  to  retain  or 
reproduce  the  minute  and  even  the  microscopic  t-extiire  of  the  original.  It  is  espe- 
ciaUy  applicable  to  silicified  wood.  In  such  cases  of  fossilization  the  exchange  has 
been  made  by  destructive  decomposition,  molecule  by  molecule,  of  the  woody  tissues 
and  their  immediate  replacement  by  precipitated  molecules  of  the  silex  held  in  solu- 
tion in  the  water  in  which  the  wood  wns  immersed.  By  this  remarkable  process  not  . 
only  the  original  cell  structure  of  various  kinds  of  wood,  but  the  characteristic  cell 
markings  of  each  kind  are  often  found  to  have  been  so  perfectly  preserved  in  the 
solid  agate-like  mass  that  it  may  be  as  completely  studied  as  if  the  specimens  were 
taken  from  living  trees. 

Fossil  pseudomorphs, — Pseudomorphism  of  fossils  is  so  nearly  like  that  of  mineral 
crystals  that  this  term  is  equally  applicable  to  both.  It  consists  in  the  replacement 
of  the  original  substance  of  the  fossil  by  a  crystallizable  or  crystaUized  mineral, 
such,  for  example,  as  calcite,  py rite,  quartz  in  the  form  of  chalcedony,  etc.,  the 
original  form  of  the  fossil  being  jierfectly  retained.  It  is  evident  that  at  least  a  part 
of  the  crystallized  pseudomorphs  were  formed  by  the  precipitation  of  the  compo- 
nent mineral  from  its  Holutit>u  within  such  cavities  as  are  described  aa  molds  in 


«  Proc.  r.  S.  Nat.  Mus.,  XV,  1892,  pp.  264-267. 
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another  paragpraph.  In  such  oases  they  diU'er  from  casts  as  described  on  the  next 
page  only  in  being  crystallized,  but  crystallization  is  one  of  the  distinguishing 
characteristics  of  pseudomorphs.  In  mauy  cases  psen'omorphs  were  evidently 
formed  by  molecular  replacement.  All  those  chalcedonic  pseudomorphs  of  shells 
which  sometimes  oocnr  in  limestone,  and  from  which  they  often  may  be  freed  in  a 
complete  condition  by  acids,  have  doubtless  been  produced  by  molecular  replace- 
ment. 

Carbonized  fo8$il8. — The  term  carbonization  is  applied  in  this  connection  only  or 
mainly  to  such  masses  of  vegetable  remains  as  coal,  lignite,  and  peat.  While  such 
remains  are  of  great  economic  value  and  often  of  great  importance  in  structural  geol- 
ogy, they  are  of  little  paleontological  importance,  because  the  organic  structure  of 
the  plants  from  which  they  were  derived  has  usually  been  so  completely  obliterated 
as  to  render  them  useless  for  such  a  purpose.  Occasionally,  however,  fruits  and  other 
separate  parts  of  plants  are  found  to  have  acquired  a  carbonized  condition  in  which 
their  botanical  character  may  be  approximately  determined. 

Fo8iil  molds. — Molds  are  cavities  in  sedimentary  rocks  which  were  originally  occu- 
pied by  fossils,  the  latter  having  been  subsequently  removed  by  the  percolation  of 
water  containing  a  solvent  of  the  fossils  but  not  of  the  rocks.  Such  solvents,  while 
completely  removing  certain  kinds  of  fossils,  sometimes  left  others  unaffected,  and 
sometimes  they  acted  equally  upon  fossils  of  essentially  the  same  chemical  composi- 
tion. For  example,  the  shells  of  the  Ostreidaa  almost  always  have  resisted- such  sol- 
vents more  than  have  most  other  shells.  The  original  surface  features  and  markings 
of  fossils  are  often  minutely  preserved  in  molds,  but  they  are  frequently  obscured 
in  different  ways;  for  example,  by  compression  of  the  mold  after  it  was  formed,  or 
by  its  having  received  a  drusy  lining. 

Imprints  of  fossils, — Imprints  do  not  differ  materially  in  character  from  molds,  the 
former  term  being  usually  applied  to  impressions  left  in  the  rock  by  thin  substances 
like  leaves  of  plants,  wings  of  insects,  etc.,  after  their  removal  by  decomposition. 
Sometimes,  however,  the  molds  of  shells  and  other  fossils  have  been  reduced  to  the 
character  of  imprints  by  the  extreme  pressure  to  which  the  strata  containing  them 
have  been  subjected.  The  details  of  imprints  have  often  been  obscured  by  pressure, 
as  in  the  case  of  molds,  but  they  are  often  preserved  with  the  greatest  degree  of 
minuteness. 

Natural  casts  of  fossils, — Casts  are  counterparts  of  fossils,  having  been  produced 
by  the  filling  of  molds  with  a  substance  other  than  tliat  of  the  original  fossil.  It 
may  have  been  by  the  injection,  caused  by  pressure  or  otherwise,  of  substance 
derived  from  the  matrix  or  inclosing  rock,  or  by  the  precipitation  of  substances 
brought  into  the  cavity  suspended  in  percolating  water.  If,  in  the  latter  case,  the 
cast  is  composed  of  a  crystallized  mineral,  the  term  pseudomorph  is  applied  to  it,  as 
already  stated.  Natural  stony  casts  of  the  interior  of  shells  and  other  fossils  are 
often  found  within  the  molds  which  were  formed  by  the  solution  and  removal  of  the 
fossil  itself,  and  they  are  also  often  found  filling  permineralized  shells.  The  student 
of  fossils  often  finds  it  desirable  to  take  artificial  casts  of  natural  molds,  especially 
in  case  he  can  obtain  no  other  representation  of  the  species  he  desires  to  study.  By 
such  a  oast  the  original  form  and  surface  features  are  often  reproduced  with  the 
greatest  accuracy.  *  *  *  Although  the  soft  parts  of  animals  could  never  have 
become  really  fossilized,  cases  have  occurred  of  the  preservation  in  fine  sediments 
of  their  form  and  even  parts  of  their  structure,  in  the  condition  of  imprints  or  casts. 
A  most  remarkable  and  exceptional  case  of  this  kind  is  that  of  the  jelly-fishes  of 
the  Jurassic  slates  of  Solenhofen  [and  Middle  Cambrian  of  Alabama],  where,  in  the 
fine  sediments  of  which  the  slates  were  originally  composed,  not  only  their  shape  but 
tiie  essential  parts  of  their  structure  are  preserved. 

Adipocere  bodies, — Fossilization  or  petrefaction  of  human  bodies  is  often  popularly 
reported  to  have  occurred,  but  these  are  only  cases  of  the  change  of  the  adipose  and 
mnscular  tissues  of  the  body  to  the  wax-like  substance  adipocere,  which  process 
only  delays  but  does  not  prevent  final  and  complete  decomposition.    This  change 
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freqnently  occurs  in  other  animal  bodies  that  have  become  buried  in  wet  or  cou- 
stautly  damp  earth,  and  packages  of  pork  recovered  from  old  river  wrecks  have 
often  been  found  to  have  undergone  the  same  change. 

Every  specimen  of  fossilized  man  is  really  only  a  skeleton,  but  the  wonderfiil  casee 
of  preservation  of  the  human  form  in  the  partially  hardened  volcanic  ash  of  Pompeii 
are  worthy  of  mention  in  this  connection  as  illustrating  more  than  one  of  the  facts 
that  have  been  stated  in  the  foregoing  paragraphs.  While  excavating  the  buried 
city  the  workmen  came  upon  molds  of  the  bodies  of  persons  who  were  suffocated  by, 
and  buried  beneath,  the  shower  of  ashes  from  Vesuvius.  The  bodj^,  even  including 
the  bones,  long  ago  decomposed  and  removed  by  the  percolation  of  water  which 
fell  from  the  clouds.  Casts  of  these  molds,  when  discovered,  were  made  by  pouring 
them  full  of  plaster,  and  when  the  comparatively  soft  inclosing  matrix  was  removed 
an  exact  counterpart  of  the  body  was  disclosed  j nst  as  it  fell  in  death  well-nigh  two 
thousand  years  ago. 

PART  II. — APPARATUS  AND  METHODS  OF  COLLECTING  INVERTE- 
BRATES AND  PLANTS. 

KINDS  OF   ROCK   AND   SITUATIONS  IN   WHICH   FOSSILS  MAY  BE   FOUND. 

Sedimentary  rocks, — Fossils  are  never  found  in  granite  or  in  any 
originally  molten  rock,  while  sedimentary  or  stratified  rocks  usually 
contain  such  remains.  All  such  rocks  should  therefore  be  examined 
for  fossils.  "A  little  practice,''  says  Geikie,  "  will  teach  the  learner 
that  some  kinds  of  sedimenta.ry  rocks  are  much  more  likely  than 
others  to  yield  organic  remains.  Limestones,  calcareous  shales,  and 
clays  are  often  fossiliferous;  coarse  sandstones  and  conglomerates  are 
seldom  so.  Yet  it  will  not  infrequently  be  found  that  rocks  which 
might  be  expected  to  contain  fossils  are  barren,  while  even  coarse  con- 
glomerates may,  in  rare  cases,  yield  the  teeth  and  bones  of  vertebrates 
or  other  durable  relics  of  once  living  things.  The  peculiarities  of  the 
rocks  of  each  district  must,  in  this  respect  be  discovered  by  actual 
careful  scrutiny.''  ^ 

Metamorphosed  sedimentary  rocks. — In*mountain  ranges  sedimentary 
rocks  are  often  subjected  to  enormous  pressure  or  to  heat  in  the  prox- 
imity of  volcanoes  or  their  outflows  of  lava.  In  such  places  sedimentary 
rocks  are  more  or  less  altered  or  metamorphosed,  and  the  fossils  are 
much  changed  or  distorted,  or  may  be  entirely  obliterated.  "  Metamor- 
phism  is  a  crystalline  (usually  also  a  chemical)  rearrangement  of  the 
constituent  materials  of  a  rock.  In  its  production  the  following  condi- 
tions have  been  mainly  ©iterative:  (1)  Temperature,  from  the  lowest 
at  which  any  change  is  possible  up  to  that  of  complete  fusion;  (2) 
pressure,  the  potency  of  the  action  of  heat  being,  within  certain  limits, 
increased  with  increase  of  pressure;  (3)  mechanical  movements,  which 
so  often  have  induced  molecular  rearrangements  in  rocks;  (4)  presence 
of  water,  usually  containing  various  mineral  solutions,  whereby  chem- 
ical changes  would  be  effected  which  would  not  be  possible  in  dry  heat; 
(5)  nature  of  the  materials  operated  upon,  some  being  much  more 


'Sir  Archibald  Geikie,  Text-Book  of  Geoloj^v,  3<1  ed.,  p.  669,  1893.    Macmillan 
&Co. 
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sasceptible  of  change  than  others.^"  In  such  regions,  look  over  the  old 
weather-worn  rock  surfaces,  since  the  chances  of  finding  fossils  there 
are  usually  far  more  favorable  than  on  fresh  fractures.  Localities  of 
this  kind  usually  yield  few  and  poor  fossils,  but  these  are  of  the  greatest 
interest  to  the  geologist  for  determining  the  age  of  the  strata  in  question. 

Localities  new  to  the  collector, — In  searching  for  localities  new  to  the 
collector,  one  way  is  to  begin  by  asking  local  school-teachers  or  drug- 
gists if  then*  are  any  collectors  of  fossils  in  the  vicinity.  If  such  a 
person  can  be  found,  directions  to  localities  will  generally  be  given.  As 
a  rule,  however,  one  has  to  depend  upon  himself  in  this  matter,  and  it 
is  advisable  to  begin  by  looking  over  the  refuse  piles  of  quarries  and 
the  cuttings  along  railroads  and  turnpikes,  or  to  search  the  banks  of 
streams  and  hillsides  for  natural  rock  exposures.  If  organic  remains 
occur,  these  are,  as  a  rule,  most  easily  seen  on  weathered  surfaces,  since 
the  fossils  are  nearly  always  of  a  mineral  composition  different  ^om 
the  matrix  in  which  they  are  buried,  aud  therefore  weathered  differ- 
ently. Friable  sandstones,  however,  often  fail  to  show  traces  of  fossils 
on  weathered  surfaces,  even  when  they  are  quite  abundant  within. 
Ix)08e  drifted  rocks  in  the  beds  of  streams  generally  will  indicate,  on 
breaking  them,  whether  fossils  abound  in  the  vicinity,  and  the  amount 
of  wear  will  afford  some  clew  as  to  the  distance  they  were  transported. 
These  "lost  rocks"  often  serve  as  leaders  to  fossiliferous  strata.  Exter- 
nally they  are  of  no  value  as  specimens,  but  when  broken  may  yield  an 
abundance  of  good  fossils. 

A  list  of  some  important  North  American  localities  for  fossils  is 
given  in  an  appendix  to  this  paper. 

Stone  walls. — In  many  regions  stone  walls  furnish  excellent  fossils, 
the  rock  being  usually  derived  from  strata  in  the  immediate  vicinity 
of  the  wall.  Examine  the  fields  around  these  walls,  particularly  after 
the  spring  rains,  as  such  localities  are  occasionally  productive  of  free 
fossils. 

Rock  ballast — Broken  rocks  on  which  railroads  are  laid  are  some- 
times good  places  in  which  to  collect,  but  caution  is  required  lest  sev- 
eral geologic  horizons  become  mixed.  Trackmen  usually  give  the 
sources  of  such  rocks. 

Gravel  pits. — Sometimes  fossils  are  found  in  gravel  pits,  but  are 
usually  very  much  worn.  In  certain  regions,  however,  notably  in 
Michigan,  very  good  fossils  are  found  in  sn(;h  places.  These  trans- 
ported fossils  may  have  an  interesting  tale  of  travel  to  tell.  In  Min- 
nesota it  is  not  rare  to  find  fossils  in  the  drift  from  Manitoba,  while  in 
the  Ohio  Valley  pieces  of  native  copper  are  sometimes  picked  up 
which  were  transported  from  the  Lake  Superior  copper  region  by  the 
great  glaciers  from  the  north.    The  value  of  drift  fossils,  however,  is 


^GsiiaE,  Text-Book  of  Geology,  3d  ed.,  p.  319,     See  also  James  D.  Dana's  Text- 
Book  of  Geology,  4th  ed.,  p.  309/1895. 
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greater  to  the  glacial  geologist  than  to  the  paleoiitologist.  As  a  rale, 
i'ousils  not  fouDil  iu  pla^^,  whether  they  have  bevii  transported  by 
humaDorotheragendea, 
are  inach  less  valuable 
than  tl]osecoIlect«d  from 
their  original  beds.  The 
collector  shoald  there- 
fore always  try  to  trace 
all  fossils  fonnd  in  walls, 
Btream  beds,  drift,  etc, 
to  theirsoarce,aiid  make 
his  priucipal  collection 
there. 

O  EN  KRAI.  COLLSCTtNQ 

I  I  I  I      ff^^  1-  CoIte(rft)ij/fca^.— The 

^"""^^        fl  I    j//  Wv  leather    collecting   bag 

illustrated  above  [seeflg. 
1]  is  one  in  general  use 
among  geologists  and 
paleontologists.  It  has 
a  width  and  length  of  U 
inches  and  a  depth  of  4 
inches.  Flat-bottomed 
F.n.i.-c,.iimii>gb,K»rkn.i«ok.  baskets  are  also  nsefiil 

to  pack  fossils  in,  but  are  more  tiresome  to  carry  on  long  journeys  than 
leather  bags,  which  may  be  car- 
ried over  the  sbouldere. 

2,  SammtTg. — Two  hammers 
are  required,  the  "paleontolo- 
gist's" hammer  and  a  "trim- 
ming" hammer.  The  former  (see 
flg.2)  is  mostconvenient  for  col- 
lecting fossils  and  for  prying  up 
thiu  ledges  of  rock.  The  pcen 
end  is  longest,  ta[H!riug,  with  the 
cutting  e<ige  transverse  to  the 
handle;  the  striking  end  has  a 
flat,  sfiaare  fucc  The  trimming 
hammer  (see  fig.  3)  should  be 
small  and  light,  to  enable  the 
user  to  strike  nquick,sbar[) blow. 
To  avoid  shattering  a  specimen, 

direct  the  blows  near  the  margin  *  (-„[,„((„, 

and  never  near  the  cenU'r. 

;i.  Chixel. — A  sujall  stonecutter's  cliisel  is  UBef\il  i 
from  liirgc  blocks  of  rock  or  from  llu'  lace  of  cliH's. 


freeing  fossils 
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4.  Magnifying  glass. — For  field  use  this  need  not  be  expensive.  An 
ordinary  pocket  glass  having  lenses  seven-eighths  and  one  inch  in 
diameter,  bound  in  rubber,  and  worth  about  80  cents,  will  serve.  For 
study  purposes  a  "Codding* on  magnifier''  of  three- fourths  of  an  inch 
focus  is  serviceable,  but  a  better  glass  is  the  "achromatic  tripled  of 
three-fourths  of  an  inch  focus.  In  the  former  the  field  is  limited  but 
of  good  definition;  the  glass  is  worth  $2.  The  "achromatic  tripled 
has  a  large  field,  great  depth  of  focus,  with  perfect  definition,  and  is 
sold  for  $6. 

5.  Field  label, — It  is  always  desirable  to  record  the  locality  of  speci- 
mens at  the  time  of  collecting.  The  field  label  used  by  the  National 
Museum  is  shown  on  page  19. 

6.  Notebook. — A  notebook  in  which  the  paper  is  bound  on  the  end 
instead  of  the  side  is  the  most  convenient  kind. 

7.  I^ewspaper  for  wrapping. — ^A  supply  of  newspapers  should  invari- 
ably be  taken  for  wrapping  the  specimens. 

8.  Tissue  paper, — Delicate  fossils  are  best  protected  by  wrapping  in 
tissue  paper  before  using  newspapers  or  coarser  packing. 

9.  Wrapping  twine. — ^The  collector  should  carry  a  supply  of  twine  for 
tying  small  lots  of  fossils  together  in  bundles. 

DIRECTIONS  FOR  COLLKCTING  FOSSIL  PLANTS.* 

Fossil  plants  are  rarely  found  in  perfect  condition,  and  usually  occur 
as  impressions  in  rocks  of  diltereut  kinds,  particularly  in  shales.  They 
are  not  often  found  loose,  weathered  out,  and  lying  on  the  surface,  as 
is  frequently  the  case  with  invertebrates.  Good  collections  of  fossil 
plants  are  usually  obtained  by  quarrying  and  splitting  large  masses  of 
rock.  While  the  oldest  plants  are  inhabitants  of  marine  waters,  and 
are  found  sparingly  associated  with  marine  faunas  in  the  older  systems 
of  the  Paleozoic  era,  yet  the  majority  of  known  ancient  plants  are  from 
coastal,  marsh,  or  lowland  deposits,  or  ha\  e  been  blown  or  washed  from 
high  lands  into  the  water,  and  finally  buried  in  sediment.  Because  of 
the  usual  imperfection  of  fossil  plants,  it  follows  that  the  value  of  any 
specimen  will  largely  depend  on  the  relative  abundance  and  perfection 
of  the  parts,  in  connection  with  the  geologic  age.  All  plants  are  of 
value,  particularly  those  from  the  land  of  pre-Devonian  times,  and 
should  be  carefully  gathered,  no  matter  how  fragmentary.  Goal-meas- 
ure plants  are  usually  found  in  good  condition  in  the  shale  layers  above 
coal  seams.  In  the  fresh  water  Mesozoic  formations  the  sandstones 
often  contain  numerous  well-preserved  leaves. 

When  fossil  plants  are  abundant  and  the  flora  is  extensive,  it  is 
advisable  to  make  large  collections  and  to  retain  all  those  specimens 
which  present  important  or  diagnostic  characters.  These  are  "  the  tips 
of  a  leaf,  a  petiole  [footstalk  of  a  leaf]  with  a  small  part  of  the  leaf 

'If  the  collector  desires  more  detailed  directions  for  collecting  fossil  plants,  lie  is 
referred  to  Part  B  of  this  bulletin  (by  Prof.  F.  II.  Kuowltou)  from  which  the  quota- 
tions here  given  have  been  taken. 
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attached,  a  good  i)erfect  base  of  a  leaf,  or  a  well-preserved  iK>rtioii  of 
the  luargin.  In  collecting  ferns  tlie  most  valuable  8i)ecimens  are  those 
found  in  fruit  [the  small  brown  clusters  of  spore-cases  on  the  under- 
side of  fenis]  and  nothing,  no  matter  how  fragmentary,  that  shows  the 
slightest  tendency  to  fruit-bearing  should  be  discarded."  Tree  trunks 
are  always  important. 

Counterparts,  or  reverse  im]>ressions,  should  be  preserved  and  kept 
together,  but  wrapi>ed  sepnrately.  l^emove  w  ith  the  trimming  ham- 
mer as  nuich  superfluous  rock  from  the  specimen  as  isx>o8sible  without 
endangering  the  safety  of  the  specimen,  but  never  trim  closer  than  to 
within  one  inch  of  the  idant  nor  get  the  i)ieces  so  thin  that  the  jarring 
of  transportation  will  cause  them  to  break.  If  a  good  si)ecimen  is  acci- 
dentally broken  do  not  throw  it  away,  but  retain  all  the  pieces,  wrap- 
ping them  separately  and  bringing  them  together  in  one  bundle. 

Plant-bearing  clay  should  be  sent  to  the  Museum  in  bulk,  to  be 
broken  in  the  laboratory. 

DIUKCTIOXS    FOR   COLLKC'TINCi    FOSSIL   IN VKKTEBkATKS. 

Male  large  collections, — The  first  important  i)rinciple  for  a  collector 
to  observe  is  to  gather  large  collections  from  the  localities  visited.  The 
extent  of  a  collection,  of  course,  w  ill  depend  upon  the  abundance  of 
the  individuals  and  species  present.  Never  restrict  yourself  to  six  or 
a  dozen  specimens  of  a  common  species  when  hundreds  can  easily  be 
had.  These  duplicates  assist  in  studying  the  local  variation  of  sx)eci6s, 
and  are  also  useful  in  making  exchanges. 

Keen  eyesight  and  the  expenditure  of  an  abundance  of  intelligent 
labor  are  requisite  for  the  gatiiering  of  a  valuable  collection.  It  may 
be  the  work  of  many  days  or  weeks  to  exhaust  one  locality,  and  many 
local  collectors  have  spent  a  few  hours  a  week  for  ten,  twenty,  or  even 
more  years  in  bringing  together  their  unicjue  collections. 

Collecting  in  hard  rocl\ — To  make  a  collection  from  limestone,  dolo- 
mite, sandstone,  quartzite,  or  slate,  usually  involves  considerable  work 
in  the  breaking  and  examining  of  the  rock.  When  such  rocks  are 
found  in  large  masses  it  is  well  to  use  a  sledge  hammer  first  to  reduce 
the  rock  to  sizes  which  may  be  easily  broken  with  the  smaller  ham- 
mers. Eocks  which  never  have  been  subjected  to  great  pressure  usu- 
ally break  most  readily  along  the  lines  of  bedding,  where  fossils  are 
most  abundant,  therefore  the  collector  should  try  as  much  as  possible 
to  split  the  rock  along  these  lines  of  natural  weakness.  The  peen  end 
of  the  hammer  is  best  for  splitting  soft  or  slaty  material,  such  as  shales, 
slates,  or  shelly  limestones. 

It  is  bad  practice  to  select  a  representative  collection  in  the  field. 
Laboratory  work  nearly  jilways  discloses  the  want  of  more  material  for 
the  study  of  specific  variation.  The  rarer  species  are  also  often  thrown 
away  by  this  method  of  collecting.  It  is  far  safer  and  less  expensive 
to  reject  specimens  in  the  laboratory  than  it  is  to  go  back  to  a  locality 
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for  more  material.  Collectx)r8  should  always  bear  in  mind  that  circum- 
stances may  prevent  the  revisiting  of  a  locality,  and  should  therefore 
make  the  best  use  of  present  opportunities. 

In  the  field  the  first  duty  is  to  collect,  and  it  is  inadvisable,  therefore, 
to  try  to  become  familiar  with  the  details  of  species.  The  appropriate 
place  for  study  is  the  laboratory.  The  fossils  should  be  examined  only 
lar  enough  to  ascertain  whether  they  are  good  or  bad  specimens. 
Notice  should  be  taken  of  rare  species  which  are  often  fairly  abundant 
along  narrow  zones  or  are  found  in  more  or  less  separated  clusters. 
When  such  are  met  with,  it  is  desirable  to  search  carefully  along  the 
zone  of  occurrences  for  more. 

Rock  trimming, — J)o  not  trim  the  rock  surrounding  fossils  too  closely, 
since  much  of  the  specimen  may  be  covered;  moreover,  specimens  when 
not  obtained  free  look  far  better  with  a  little  rock  around  them.  The 
final  trimming  should  be  done  after  the  fossil  is  developed  in  the 
laboratory. 

Hasty  coUecting. — It  is  unwise  to  collect  hastily  Or  to  try  to  cover 
much  territory  in  a  short  time  mless  conditions  demand  it.  One 
large  and  well-gathered  collection  is  worth  far  nore  than  two  :>r  three 
small  ones. 

Collecting  free  fossils. — When  fossils  are  found  free,  lying  in  the  soil, 
it  always  pays  to  get  down  on  the  hands  and  knees  and  crawl  over  the 
^rouud  in  search  of  them,  rejecting  only  i)Oorly  preserved  or  badly 
broken  specimens.  In  so  doing  the  smaller  specimens  are  more  likely 
to  be  seen,  and  at  the  same  time  collections  will  not  be  made  hastily. 
Picking  of  this  kind  attbrds  ujuch  pleasure  and  involves  less  labor 
than  collecting  from  limestones  or  sandstones.  The  collector  should 
remain  in  such  locality  until  all  good  material  that  is  visible  has  been 
picked  up. 

Molds  and  casts  of  fossils. — Rocks  having  cavities  in  them,  which  are 
the  molds  of  organisms,  shonld  always  be  collected  if  the  cavities  are 
not  too  much  filled  with  crystals.  These  molds  are  of  course  broken 
before  discovered,  but  all  the  pieces  should  invariably  be  saved.  Do 
not  gum  the  parts  together  in  the  field,  but  wrap  each  separately  in 
paper,  and  put  all  the  parts  of  one  specimen  into  a  single  package. 
The  fastening  together  can  be  done  much  bett(*r  in  the  laboratory,  and 
the  necessity  of  having  a  gum  bottle  in  the  collecting  outfit  will  be 
avoided. 

Internal  casts  of  gastropods  (snails)  and  pelecypods  (clams,  oysters, 
etc.)  are  often  of  little  value  when  collected  alone,  but  if  the  surround- 
ing matrix  preserving  the  exterior  form  and  ornamentation  of  the  shell 
is  also  carefully  saved  they  are  more  instructive  than  those  showing 
only  exterior  characters.  Casts  of  single  valves  of  jjelecypods  should 
always  be  saved.  Do  not  trim  these  too  closely,  as  they  may  show 
impressions  of  the  hinge  teeth.  Every  fraguient  of  a  bivalve  showing 
any  part  of  the  hinge  should  be  saved. 


BULLETIN  39,  UNITED   STATES   NATIONAL   MUSEUM.        [14] 

In  gastropods  the  form  of  the  aperture  is  one  of  the  most  impor- 
tant features,  but  one  that  is  most  frequently  imperfect  in  specimens  col- 
lected from  hard  rocks.  In  species  with  long  canals  and  expanded 
outer  lips,  carefully  save  every  fragment  of  these  parts. 

Siliceous  fossils. — Fossils  of  a  siliceous  nature,  partially  weathered  out 
of  limestone,  should  be  gathered  in  bulk,  to  be  treated  in  the  Museum 
with  muriatic  acid.  Material  which  will  bear  this  treatment  is  readily 
tested  with  a  pocketknife.  If  the  knife  does  not  scratch  the  fossil,  but 
leaves  a  black  mark,  it  will  be  well  to  make  an  experiment.  Of  course, 
where  the  fossils  are  in  cherts  or  are  more  or  less  surrounded  with 
amorphous  silica  nothing  can  be  done  to  free  them.  Limestone  with 
fossils  changed  into  iron  pyrite  or  of  a  carbonaceous  or  phosphatic  com- 
position can  also  be  submitted  to  the  acid  process  of  developing.  The 
structure  and  young  stages  of  graptolites,  linguloids,  goniatites,  etc, 
are  sometimes  only  obtained  by  this  method. 

Fossiliferous  shales. — Where  fossils  are  found  free  and  abundantly 
weathered  out  of  clay  or  shale,  it  is  always  advisable  to  take  a  small 
quantity  of  the  weathered  shale  and  wash  in  a  pan  until  the  water  is 
no  longer  colored  by  the  residuum.  If  this  is  found  to  contain  an  abuu- 
dance  of  fossils,  a  box  of  clay  unwashed  should  be  gathered.  The 
object  of  such  collecting  is  to  obtain  the  young  stages  of  mature  forms 
and  also  microscopic  organisms,  such  as  ostracods,  bryozoa,  et<;. 

Calcareous  fossils. — Fossils  of  this  nature  taken  from  shale  banks  and 
much  covered  with  firmly  adhering  shale,  if  otherwise  good  and  solid, 
should  not  be  thrown  away,  since  many  of  these  can  be  cleaned  with 
caustic  potash.  This  is  particularly  true  of  corals  and  the  interior  of 
brachiopods. 

Fossil-yielding  marls. — Marls  having  an  abundance  of  sms^ll  fossils, 
which  frequently  occur  in  Tertiary  dejiosits,  should  be  dug  up  and 
shoveled  into  barrels  or  boxes,  to  be  picked  over  in  the  laboratory. 
This  plan,  however,  is  only  feasible  when  the  fossils  are  reasonably 
hard.    Mr.  T.  W.  Stanton  suggests  the  following  plan  of  operation : 

In  sandy  marls  like  those  of  the  Cretaceous  in  the  Southern  States  the  animal  mat- 
ter has  nearly  all  been  removed  from  the  more  delicate  shells,  leaving  them  in  a  very 
soft  contfition  that  will  not  permit  rough  handling.  In  such  cases  the  marl  should 
be  carefully  dug  up  and  the  pieces  showing  edges  or  surfaces  of  fossils  trimmed  with 
knife  and  hammer  to  a  convenient  size  for  packing.  When  the  marl  is  compact  and 
not  too  wet  good  results  have  been  obtained  by  blasting,  using  an  inch  and  a  hall 
auger  with  a  shank  about  4  feet  long  for  making  the  hole.  No  attempt  shonld  bf 
made  to  expose  the  fossils  in  the  field  nor  to  free  them  from  the  matrix,  as  they  would 
then  be  broken  in  transit.  It  is  a  good  plan  to  have  at  band  a  hot  solution  of  com- 
mon furniture  glue  and  to  apply  a  coat  of  it  to  all  exposed  surfaces  of  shells,  other- 
wise they  are  likely  to  crack  and  fall  to  pieces  on  drying.  The  glue  is  to  be  used  in 
preference  to  other  hardening  materials,  because  it  can  be  easily  washed  off  with  a 
wet  sponge  and  does  not  interfere  with  the  subsequent  cleaning  of  the  fossils.  Col- 
lections of  this  kind  should  be  packed  in  cotton  or  other  soft  material  in  small  boxes, 
which  may  then  be  ])ack(Ml  in  a  lar^or  box.  If  this  is  not  done  the  fossila  are  likely 
to  be  crushed  and  ruined  by  their  own  weight. 
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Such  fossils  are  cleaned  and  hardened  in  the  manner  described  on  . 
page  24  as  soon  as  practicable  after  they  reach  the  laboratory. 

Limestone  or  ironstone  nodules. — Nodules  of  limestone  or  ironstone 
often  have  very  fine  fossils  in  the  center.  They  should  be  broken  and 
examined,  but  sometimes  it  is  not  easy  to  split  them  so  as  to  expose 
the  fossil.  If  the  nodules  promise  well,  a  quantity  of  them  should  be 
collected  and  treated  in  the  laboratory  "  by  putting  the  nodule  into  a 
fire,  and  dropping  it,  when  quite  hot  into  cold  water."  * 

Importance  of  noting  the  exact  location  of  fossils. — The  second  impor- 
tant principle  in  collecting,  fossils  is  to  determine  accurately  the  geo- 
graphical i>osition  of  the  locality  and  the  horizon  from  which  the  fossils 
have  been  taken.  This  information  should  be  recorded  while  in  the 
field  in  a  notebook.  It  is  of  great  imi)ortance  not  only  to  the  geologist, 
but  to  the  paleontologist  as  well.  Fossils  without  locality  have,  as  a 
rule,  little  value  and  generally  are  thrown  away  by  careful  students. 
If  a  species  is  common  and  scattered  over  an  entire  hillside,  it  is  well 
to  determine  whether  all  the  specimens  are  in  place  or  derived  from  a 
stratum  near  the  top  of  the  hill.  The  strata  of  a  hill  may  represent  a 
very  long  period  of  dei)osition. 

At  a  locality  where  more  than  one  fossiliferous  zone  occurs,  never 
collect  promiscuously  from  all,  but  gather  the  fossils  from  one  horizon 
at  a  time.    Pack  each  lot  separately,  with  a  field  label. 

When  collecting  in  loose  rock  or  talus  at  the  base  of  a  cliff*,  note  this 
fact  on  the  field  label^  but  when  conditions  are  favorable  never  neglect 
to  ascertain  the  horizon  or  horizons  from  which  this  rock  has  fallen. 

If  collections  are  made  from  many  localities  within  a  geologic  basin 
where  certain  common  species  constantly  recur,  do  not  fail  to  gather 
these  from  all  the  places,  since  by  such  collections  local  faunal  or  floral 
changes  and  geographic  distribution  are  ascertained. 

'*The  theory  that  all  the  existing  forms  of  life  have  been  derived  from 
other  forms  by  a  natural  process  of  descent  with  modification,  and  that 
this  same  process  has  been  in  action  during  past  geological  time,  should 
enable  us  to  give  a  rational  account  not  only  of  the  peculiarities  of 
form  and  structure  presented  by  animals  and  plants,  but  also  of  their 
grouping  together  in  certain  areas,  and  their  general  distribution  over 
the  earth's  surface."  ^ 

Fossils  from  the  drift  are  sometimes  very  valuable,  but  when  collect- 
ing them  the  fact  that  they  are  from  the  drift  should  be  noted.  A  drift 
fossil  may  lead  to  the  discovery  of  important  outcrops,  or  give  other 
valuable  information. 

PACKING   INVERTKBRATES   AND   I'LANTS    FOR   SHIPMENT. 

Wrap  each  specimen  separately  in  paper,  preferably  in  old  newspaper, 
or,  if  delicate,  in  cotton  or  tissue  paper.     When  the  fossils  are  small 

>Geikie,  Text-book  of  Geology,  p.  073,  1803. 

"Wallace,  Darwinism  an  Exposition  of  the  Theory  of  Natural  Selection,  p. 338, 
1890. 
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several  can  be  wrapped  together,  but  separate  each  one  so  as  not  to  rob, 
adding  others  as  the  package  is  rolled  up.  Another  good  method,  which 
in  some  cases  is  the  only  successful  one,  is  to  select  the  smaller  and 
more  delicate  fossils  and  lay  them  between  cotton  in  cigar  boxers.  When 
the  collection  is  wrapped,  set  the  packages  vertically  in  the  box,  one 
against  the  other,  in  rows  and  layers,  until  filled  up.  Never  lay  thin 
slabs  horizontally  in  the  box,  as  the  jarring  during  transportation  is 
apt  to  break  quite  a  number.  If  a  vacant  space  is  left  on  the  top,  fill 
up  with  excelsior,  hay,  straw,  or  paper,  aud  force  this  loose  material 
gently  but  firmly  down  with  the  lid. 

Boxes  are  conveniently  and  cheaply  purchased  in  grocery  or  dry  goods 
stores.  Soap,8tarch,  or  canned-fruit  boxes  will  answer  for  in  vertebrates, 
or  if  stronger  and  larger  boxes  are  needed  these  can  be  had  in  hard- 
ware or  stove  stores. 

Number  the  boxes  and  kee])  a  list  of  the  contents,  especially  a  list  of 
the  localities  from  which  the  fossils  in  each  box  have  been  derived. 

PART   III. — 3rETHOD   OF   COLLECTING   FOSSIL   VERTEBRATES.^ 

Ol'TFlTS. 

To  the  invertebrate  outfit  described  on  a  previous  page  it  is  necessary, 
when  collecting  fossil  vertebrates,  to  add  a  pick  and  shovel  for  digging, 
some  large  stone  mason's  chisels  for  use  in  freeing  bones  from  a  hard 
matrix,  a  large  bag  of  flour,  plenty  of  gunny  cloth,  several  cans  of  pre- 
pared glue,  and  some  gum  arabic  for  saturating  soft  bones.  Rough 
boards,  an  inch  thick,  for  making  boxes  should  be  included  in  the  outfit 
when  lumber  yards  or  suitable  boxes  are  not  accessible. 

DISCOVERY    AND    HKMOVAL  OF   SKK1.ETON8. 

Bones,  as  a  rule,  are  not  nearly  as  easily  gathered  as  invertebrates  or 
plants.  Of  course  loose  specimens  are  easily  collected,  but  it  is  not 
common  to  find  such  in  good  preservation.  The  difficulties  encountered 
in  successfully  collecting  bones  are  numerous,  beginning  with  the  finding 
of  a  skeleton  aud  increasing  as  the  work  of  digging  up  a  monster  pro- 
gresses. Persons  without  experience  in  taking  up  vertebrates  and 
finding  large  specimens  should  begin  tlie  exhuming  cautiously  and 
slowly,  or,  better  still,  leave  the  skeleton  alone, cover  the  exposed  parts 
with  earth,  and  call  the  attention  of  this  Museum  to  the  find.  How- 
ever, make  some  examination  of  the  specimen,  as  to  the  extent  of  the 
parts  and  their  condition,  so  that  an  intelligent  description  of  it  may 
be  given. 

In  some  regions,  if  "  the  explorer  searches  the  bottoms  of  the  rain 
washes  and  ravines,  he  will  doubtless  come  upon  the  fragment  of  a  tooth 
or  jaw,  and  will  generally  find  a  line  of  such  pieces  leading  to  an  ele- 
vated position  on  the  bank  or  bluff  where  lies  the  skeleton  of  some 


'To  Prof.  O.  C.  Marsh,  honorary  curator  of  fossil  vertebrates  in  the  National 
Museum,  the  writer  gratefully  acknowledges  valuable  suggestions  in  relation  t-o  this 
work. 
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mnnster  of  the  ancient  sea.  He  may  find  tbe  vertebral  colatna  ran 
far  into  the  litDestooe  that  locks  liltn  hi  his  last  prison ;  or  a  i>a 
extended  on  the  slope,  as  though  entreating  aid ;  or  a  pair  of  jaws  1 
vith  horrid  teeth,  which  grin  despair  on  enemies  they  ore  helplei 
resist;  or  he  may  find  a  conic  mound,  on  whose  apex  glisten  in  the 
the  bleached  bones  of  one  whose  last  office  has  been  to  preserve  : 
destruction  the  friendly  soil  on  which  lie  reiwsed.  Sometimes  a  pi 
hage  remains  will  be  discovered,  which  the  dissolution  of  the  rocb 
deposited  on  the  lower  level ;  the  force  of  rain  and  wash  having ' 
insufflcieut  to  carry  them  away." ' 

Complete  skeletons  are  rare,  since  these  remains,  nuless  the  ani: 
were  nured  in  swamps,  have  been  more  or  less  broken  up  by  the  a* 
of  the  waters  or  scattered  by  predaceous  animals.  Good  skeletoni 
often  lost  through  lack  of  knowledge  of  proper  methods  in  coilec 
Of  the  American  elephant  and  mastodon  many  skeletons  are  found  a 
ally  in  the  United  States,  and  yet  there  are  few  fine  skeletons  of  t 
animals  extant  in  the  museums  of  this  country.  Teeth  are  often  t 
hut  other  parts  are  commonly  lost.  Persons  who  find  the  bones  of  t 
monsters  usually  dig  them  up  and  lay  them  on  the  ground  to  dry,  w 
their  complete  ruin  is  but  a  matter  of  a  few  days,  since,  if  unprep 
by  gum  or  glue  solntions,  the  bones  will  crumble  in  the  sun  and  ai: 

The  skull  of  a  mastodon  or  elephant  falling  into  the  hands  o 
unskilled  person  is  nsually  destroyed,  because  of  its  size,  weight, 
soft  condition  in  the  ground  in  which  it  occurs.  When  the  great  u 
teeth  are  seen,  considerable  curiosity  is  aronsed,  and  then  it  has 
I>ene<l  that  sledge  hammers  or  any  other  instrument  which  w 
break  the  skull  have  been  brought  into  action  so  that  the  teeth 
be  taken  out.  These  may  eventually  be  seen  by  somebotly  liavi: 
knowledge  of  their  scientific  value,  but  only  after  tbe  valuable  i 
has  been  ruined.  The  teeth  may  be  worth  several  dollars,  wiierei 
the  skull  bad  been  left  entire  it  would  have  brought  a  far  greater  i 

The  bones  of  each  individual  animal  should  be  kept  together, 
separate  from  all  others.  Gather  all  the  loose  Iwnes  and  fragment 
the  stirface  before  digging  out  tbe  rest  of  the  skeleton.  Single  b< 
if  one  end  is  perfect,  are  worth  saving.  If  freshly  broken  all  the  p 
should  be  sought  for  and  preserved. 

Small  more  or  less  complete  skeletons  are  not  so  difficult  to  ha 
as  large  ones.  When  complete,  or  when  ])arts  are  in  their  nai 
position,  do  not  remove  them  piece  by  piece,  but  leave  the  skel 
together.  Specimens  in  their  natural  position  areof  great  imjKirl 
to  anatomists.  Having  secured  such  a  specimen,  dig  away  eDon{ 
the  rock  on  top  to  ast^ertain  its  position  and  extent.  If  in  solid  i 
all  that  should  be  done  in  to  free  the  block,  leaving  sufficient 
around  tbe  skeleton  to  give  it  firmness.     When  in  a  soft  matrix,  e:t 

'CopR,  E.  D.— The  Vtrti^lirata  of  the  CretftoeouH  Foruistion  pf  the  kVeat. 
U.  S.  Geol.  Survey  Terr.,  II,  p.  43, 1875. 
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the  skeleton  in  a  general  way,  soak  the  exposed  bones  well  with  gam 
water,  cover  completely  with  one  layer  of  thin  oiled  paper,  lay  across 
the  entire  length  of  the  specimen  two  or  more  iron  rods  or  sticks  of 
wood,  and  then  prepare  enough  thick  plaster  of  paris  to  make  a  solid 
mass  several  inches  thick  over  the  top  of  the  specimen.  After  the 
plaster  has  set,  the  andermining  can  begin,  bat  leave  enoagh  rock  to 
give  stability  to  the  block.  If  the  skeleton  lies  In  mad  and  is  not 
large,  it  will  be  well  to  poar  plaster  aroand  the  entire  mass.  Wherever 
plaster  is  nsed  for  bedding  or  stability  do  not  forget  to  first  lay  iron 
rods  or  sticks  of  wood  lengthwise  on  the  specimen  before  poaring  and 
smearing  the  plaster.  The  plaster  when  dry  is  brittle,  and  these  rods 
are  inserted  to  keep  all  the  pieces  in  place  in  case  of  breakage. 

The  limbs  of  large  skeletons  should  also,  if  possible,  be  kept  together. 
Never  separate  the  toe  bones  when  found  in  their  natural  position.  If 
in  a  soft  matrix,  pour  plaster  aroand  each  foot  as  described  above  for 
small  skeletons. 

To  dig  out  skeletons  embedded  in  a  more  or  less  solid  matrix  is  a 
matter  of  skillful  quarrying.  Do  not  separate  the  bones  of  skeletons 
more  than  is  necessary  even  though  the  blocks  may  weigh  a  few  tons. 
Mr.  J.  B.  Hatcher  sncceeded  in  quarrying  oat  in  Wyoming,  for  tbe 
United  States  Geological  Survey,  a  mass  of  rock  weighing  about  three 
tons  and  containing  an  enormous  skall  of  Triceratops  nearly  eight  feet 
in  length.  Moreover,  it  was  necessary  to  haal  the  specimen  forty  miles 
over  rongh  trails  to  the  railroad. 

Hard  bones,  even  when  badly  shattered,  should  never  be  rejected  nor 
shoveled  into  a  box,  as  is  sometimes  done.  These  can  be  taken  up  snc- 
cessfully  by  a  method  long  in  use  by  Professor  Marsh  and  Mr.  J.  B. 
Hatcher.  After  the  bones  have  been  exposed,  fill  all  the  large  cavities 
with  thin  fluid  plaster  of  paris.  Next  stick  short  pieces  of  guuny  doth 
with  thick  flour  paste  over  the  loose  pieces.  Lengthwise  along  the 
bone  lay  strips  of  gunny  cloth  2  to  4  inches  wide,  each  slightly  over- 
lapping the  other,  fastening  them  with  floor  paste.  When  dry,  under- 
mine the  bone  and  tarn  it  over,  pasting  also  on  this  side  a  longitudinal 
layer  of  gunny  cloth,  followed  by  another  wonnd  aroand  the  8i)eciinen 
from  one  end  to  the  other.  Use  plenty  of  flour  paste,  since  when  dry 
this  gives  great  stillness  to  the  gunny  cloth  and  therefore  supports  the 
bone.  In  the  laboratory,  this  protection  is  readily  taken  off  by  mois 
tening  with  a  sponge  as  the  work  of  hardening  and  solidifying  the 
bone  progresses. 

PACKING  FOR  SHIPMENT. 

When  specimens  are  very  large  the  boxes  should  be  made  of  two 
courses  oi  lumber  nailed  to  each  other  crosswise.  Apply  as  many  stays 
inside  as  are  necessary  to  hold  the  block  firmly  in  place,  for  if  it  should 
move  about  not  only  the  box  may  be  broken,  but  the  specimen  will  in 
all  probability  be  damaged  beyond  repair. 

ITever  pack  large  and  small  bones  in  the  same  box,  since  the  weight 
of  the  larger  will  crush  the  smaller. 
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FIELD   LABELS  AND   NOTES. 

It  is  not  necessary  to  place  a  field  label  with  every  fossil  anless  the 
specimens  are  lai^®  and  packed  in  different  boxes,  or  when  there  is 
some  important  geologic  fact  connected  with  a  specimen.  The  asual 
way  is  to  pack  one  or  two  field  labels  together  with  the  fossils  of  one 
locality  and  geologic*,  horizon  in  each  package  or  box. 

In  the  note-book  the  geographic  position  of  the  locality  and  the  hori- 
zon of  the  fossils  should  be  carefully  noted.  Also  draw  a  profile  or 
"  section '^  of  the  rocks  as  seen,  giving  the  thickness  of  the  beds.  Note 
also  the  dip  of  the  rocks  when  deteiminable,  and  the  strike,  which  is 
at  right  angles  to  the  prevailing  dip  of  the  strata.  Each  locality  can 
be  given  a  number  and  the  beds  of  each  section  letters.    If  this  is 
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done,  it  will  simplify  the  writing  of  field  labels,  since  the  number  of 
the  locality  and  the  letter  of  the  zone  from  which  the  fossils  came  is  all 
that  is  required.  Another  way  is  to  write  out  this  detailed  informa- 
tion on  the  field  label.  The  number  of  the  book,  and  the  page  on  which 
the  information  relating  to  the  fossil  in  question  is  given,  should  be  on 
the  field  label,  also  the  date  when  collected  and  the  name  of  the  col- 
lector. A  copy  of  the  field  label  in  use  by  the  National  Museum  is 
given  above. 

PABT  IV. — PREPARATION  OF  FOSSILS  FOR  STUDY. 

SEPARATING  FOSSILS. 

Having  received  the  boxes  in  the  laboratory,  they  are  to  be  unpacked 
and  distributi'd  into  drawers  or  trays,  each  lot  of  fossils  being  kept 
separate  with  its  proper  field  label.  The  fossils  are  next  to  be  washed 
thoroughly  with  a  stiff  brush  and  water  to  rid  them  of  all  loose  mud. 
This,  however,  can  not  be  done  with  a  great  number  of  fossils,  because 
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of  the  soft  condition  of  many  sediments,  such  as  friable  sandstones, 
soft  shales,  chalks,  and  marls.  In  general,  fossil  plants  can  not  be 
washed,  since  these  are  usually  preserved  in  soft  materials.  Verte- 
brates, also,  do  not  need  this  preliminary  treatment,  as  most  specimens 
will  first  require  the  work  of  a  "stone  mason ^  or  a  preparator. 

Clay  and  marl  washing. — Paleozoic  fossiliferous  clays  which  are  to  be 
washed  for  small  and  young  fossils  should  be  first  dried  in  an  oven  or  m 
the  sun  and  then  well  soaked  in  water  for  a  day  or  more  before  washing. 
A  deep  pan  or  bucket  serves  well  for  this  purpose,  using  the  hands 
to  stir  the  mass  around,  but  do  not  get  too  much  mud  in  suspension, 
since  in  pouring  oft'  the  muddy  water  many  of  the  smaller  organisms 
are  liable  to  be  carried  away.  The  writer  has  tried  nests  of  sieves  of 
various  size  meshes,  placing  the  scaked  nmd  in  the  upper  coarse  one, 
and  using  a  stream  of  running  water  as  the  cleanser.  But  to  catch  all 
the  smaller  fossils,  which  is  the  main  object,  the  lower  sieve  must  be 
very  fine  (a  bolting  cloth),  and  this  is  soon  clogged  with  mud,  prevent- 
ing further  washing.  The  contents  of  the  lower  sieve  must  be  washed 
alone,  and  in  the  end  a  pan  is  more  productive  for  rapid  work,  with 
equally  good  results.  After  the  washed  earth  hsis  been  dried  it  should 
be  sifted,  to  facilitate  picking,  into  three  grades,  using  sieves  of  6,  18, 
and  38  meshes  to  the  inch.  The  coarser  material  can  be  assorted  with 
the  unaided  eye,  but  the  finer  grades  will  have  to  be  selected  under  a 
low-power  lens.  A  moistened  camel's-hair  brush  is  the  best  tool  with 
which  to  pick  up  these  smaller  organisms.  If  the  brush  is  held  in  the 
end  of  a  small  vial  a  twirl  of  the  fingers  will  readily  remove  the  attached 
fossil. 

The  material  derived  from  washing  slabs  and  the  residuum  from  etch- 
ing by  the  muriatic-acid  process  should  be  washed  in  the  same  way  as 
described  above  for  clay.  Great  care,  however,  must  be  taken  in  wash- 
ing etched  fossils,  since  quite  often  these  consist  of  but  a  thin  outer  and 
inner  layer,  the  intermediate  space  being  hollow  and  therefore  very 
delicate.  The  surface  detail  of  such  fossils  is  preserved  better  than  on 
fossils  weathered  out  in  nature. 

Washing  Paleozoic  fossiliferous  clay  for  mature  or  large  fossils  is 
sometimes  resorted  to  on  a  large  scale.  In  England,  Mr.  Maw  prepared 
for  Thomas  Davidson  several  tons  of  Dudley  clay  (Upper  Silurian)  in 
tubs  beside  a  stream.    His  results  were  remarkable. 

Marls  frequently  yield  good  fossils  when  carefully  washed.  It  is 
often  the  case,  however,  that  marl  fossils  are  quite  soft  or  chalky. 
Such,  of  course,  can  not  be  washed,  and  must  be  picked  out  and 
cleaned  dry.  If  hard,  the  marl  is  laid  in  a  coarse  sieve,  and  washed  in 
a  stream  of  running  water  until  clean.  Some  of  the  fine  material  thus 
carried  away  should  be  caught  and  washed  separately  for  foraminifera 
or  other  microscopic  organisms  by  the  method  described  beyond. 

WaMng  unweathered  shale. — Dry  the  shale  well  in  an  oven,  and  then 
soak  it  in  water  till  it  crumbles.    The  larger  fragments  can  be  dried 
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aud  soaked  again  and  again  until  all  are  well  reduced,  but  some  un- 
broken pieces  will  always  remain.  Wash  away  all  the  mud  as  described 
above  for  clay.  Then  boil  in  a  dish  ^'  over  a  brisk  fire  for  about  half  an 
hour,  the  boiling  being  continued  with  occasional  changes  of  water  till 
little  or  no  mud  appears."    Gray  shales  usually  boil  down  completely. 

The  black  shales,  on  the  other  hand,  containing  considerable  proportion  of  bitumi- 
nous cement,  will  not  thoroughly  break  up  even  after  prolonged  boiling. 

The  drying  and  steeping  here  described  may  be  regarded  as  processes  of  rapid  arti- 
ficial weathering.  The  effects  of  the  heat  of  a  fire  upon  shale  resemble  those  of  the 
sou's  rays,  and  the  soaking  in  water  is  a  counterpart  of  the  action  of  rain.  It  is 
surprising  how  easily  hard,  compact  shale,  which  can  with  difficulty  be  broken  or 
split  with  a  hammer,  may,  by  the  method  above  specitied,  be  reduced  to  dust  or  to 
fine  granular  debris,  from  which  even  delicate  shells  may  easily  be  picked  out  entire.' 

Washing  for  microsoojnc  organisms, — One  of  the  first  essentials  is  that  all  glass- 
ware, pipettes,  etc.,  designed  for  this  use  be  absolutely  clean,  and  that  only  river 
or  rain  water,  recently  filtered,  be  used;  otherwise  you  will  probably  find  on 
your  slides  many  beautiful  organisms  that  do  not  belong  to  the  substance  under 
examination. 

Clay. — In  preparing  most  of  the  samples  of  clay,  we  would  put  about  1  ounce 
of  the  material,  and  the  same  amount  of  common  washing  soda,  into  a  druggist's 
two-quart  clear-glass  packing  bottle,  not  over  one-fourth  filled  with  water,  and  let  it 
remain  twelve  to  twenty-four  hours,  frequently  shaking  the  bottle,  so  as  to  thor- 
oughly break  up  the  clay.  Now  fill  the  bottle  with  water,  and  after  twenty-five 
minutes  carefully  pour  off"  the  upper  three- fourths  of  it.  Again  fill  with  water,  and 
in  twenty-five  minutes  decant  as  before;  repeating  this  at  twenty-five  minute  inter- 
vals until  the  upper  three-fourths  of  the  water  in  the  bottle,  after  a  twenty-five 
minute  rest,  wiU  be  nearly  clear.  A  large  amount  of  the  fine  sand,  clay  and  the 
soda,  has  by  this  process  been  washed  away,  and  the  action  of  the  soda  has  broken 
up  the  clay  and  removed  most  of  the  adhering  material  from  the  fossils.  Now  mount 
a  few  microscope  slides  from  the  residuary  sand,  etc.,  at  the  bottom  of  the  bottle, 
by  taking  up  with  a  pipette  (a  piece  of  small  glass  tubing  makes  the  best  pipette) 
a  small  amount  of  the  material;  scatter  very  thinly  over  the  middle  of  the  slides; 
dry  them  thoroughly  over  an  alcohol  lamp,  or  in  some  better  way,  and  while  hot,  cover 
the  dry  material  with  a  few  drops  of  Canada  balsam,  keeping  the  slides  quite  warm 
until  the  balsam  will  be  hard  when  cold.  As  these  '^  trial  slides ''  are  seldom  of  any 
value,  it  is  not  necessary  to  use  cover  glasses  if  the  balsam  is  hardened,  as  above 
directed.  A  careful  examination  of  these  slides  under  the  microscope  with  a  good 
quarter  or  half  inch  objective  will  decide  as  to  the  value  of  the  material  under 
observation,  and  if  it  proves  to  be  only  sand,  pour  it  all  out,  wash  the  bottle,  and 
again  try  the  same  process  with  another  sample  of  clay.  But  if  the  slides  show  a 
few  goo<l  fossils,  the  next  step  is  to  separate  them  as  much  as  possible  from  the  mass 
of  sand,  etc.,  with  which  they  are  associated.  In  this,  as  in  the  first  washing, 
specific  gravity  will  do  most  of  the  work.  Pour  off  most  of  the  water  and  put  the 
shells,  sand,  etc.,  into  a  4-ounce  beaker  (or  glass  tumbler),  wash  oat  the  bottle,  fill 
tlie  beaker  about  three-fourths  full  of  water,  and  after  it  has  rested  ten  minutes, 
pour  three-fourths  oft^  the  top  through  a  glass  funnel  into  the  bottle,  repeating  this 
Kvt'.  or  six  times.  As  in  the  first  washing,  mount  and  examine  a  few  slides  from  the 
materia]  at  the  bottom  of  the  bottle,  mounting  and  preserving  slides,  if  found  to  be 
of  value.  If  nothing  of  value  is  found  pour  out  the  contents  of  the  bottle,  and  fill 
up  again  as  before  from  the  beaker,  after  five  minutes  rest  repeating  these  washings 
and  examinations  at  shorter  resting  intervals,  of,  say,  three,  two,  and  one  minute, 
orles-s  until  nothing  but  the  coarsest  sand  remains  in  the  beaker.     In  that  there 


'  Sir  Archibald  Gbikie,  Text- Book  of  Geology,  pp.  671,  672,  1893. 
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may  be  a  few  good  specimens  of  Polycystina.  Each  layer  of  clay,  as  deposited  by 
its  specific  gravity,  has  now  been  examined,  and  most  of  the  fossils  are  contained  in 
some  or  possibly  two  of  them.  Nineteen- twentieths  of  the  original  stunple  of  clay 
have  been  washed  away,  and  in  the  selected  one-twentieth  that  remains  there  may 
be  one  fair  fossil  to  100  grains  of  sand. 

Shale, — The  fossil  contents  of  most  of  the  softer  shales  can  be  secured  by  breaking 
up  the  specimen  with  a  pair  of  strong  pliers,  crushing  the  shale  while  under  water 
and  edgewise  of  its  laminu;.  This  will  free  many  of  the  fossils  without  breaking 
them.  Then  boil  the  firmer  parts  of  it  for  a  few  minutes  (or  longer  if  the  material 
requires)  in  a  rather  strong  solution  of  washing  soda,  and  wash  and  separate  fossils 
f^om  the  fine  shale,  sand,  etc.,  by  repeated  decantations,  as  directed  in  the  treatment 
of  clay. 

Chalk. — Foraminifera,  coccoliths,  rhabdoliths,  with  an  occasional  radiolarian  (Poljf- 
cysHna)^  of  which  the  ''farmer's  chalk/'  or  soft  limestone,  is  largely  comx>08ed,  can 
be  freed  from  the  rock  by  washing  the  surface  of  a  clean  piece  of  it  with  a  rather 
stiff  brush  while  under  the  surface  of  the  water  in  a  bowl  or  basin.  The  water  will 
soon  become  as  white  as  milk.  The  specific  gravity  of  the  foraminifera  and  radio- 
laria  will  promptly  carry  them  to  the  bottom,  and  they  can  be  partly  separated  firom 
the  sand,  etc.,  by  repeated  washings,  docantations,  etc.,  as  directed  in  the  treatment  of 
clay ;  but  unless  great  care  be  taken  in  this  washing,  the  coccoliths  and  rhabdoliths, 
which  largely  give  to  the  water  its  milky  appearance,  will  be  lost.  They  are  very  fine 
and  very  light,  and  some  of  them  will  remain  suspended  in  a  4  ounce  beaker  of  water 
for  several  hours.  They  can  be  separated  from  the  other  material  by  repeated,  wash- 
ings and  decantations,  so  as  to  make  almost  pure  mountings,  but  the  resting  time 
between  decautings  must  be  from  one-half  to  three-quarters  of  an  hour.' 

Limestones. — Eut'omostraca,  and  other  small  organisms  in  which  the  valves  are 
united,  may  also  bo  obtained  in  a  perfect  conditionirom  this  class  of  rocks,  by  pound- 
ing fragments  of  the  fossiliferous  material  with  a  hammer  within  the  circle  of  a  small 
iron  ring  or  ''  washer,"  one-eighth  of  an  inch  in  thickness  As  the  rock  is  crushed 
by  the  blows  of  the  hammer  ttio  organisms  jump  out  of  the  matrix,  but  are  retained 
within  the  bounds  of  the  ring,  which  also  answers  as  a  gauge,  preventing  the  ma- 
terial from  beiug  broken  too  small.  The  pounded  rock  is  afterwards  washed  free 
from  dust,  drie<l  and  searched  as  above  directed.^ 

DIRECTIONS   FOR  HARDENING   SOFT  FOSSILS. 

Fossils  from  friable  sandstone,  ferruginous  sandstone,  soft  clays,  o^ 
marls,  if  not  hardened,  will  usually  soon  be  ruined.  One  method  of 
hardening  is  to  warm  the  fossils,  then  dip  them  into  hot,  thin  glue  water. 
The  glue  water  must  not  be  too  thick,  otherwise  the  specimens  will  have 
a  decided  gloss  and  stick  to  the  trays  in  moist  atmospheres.  Warming 
the  fossils  before  dipping  assists  the  glue  water  in  penetrating  deeper 
into  the  rock,  and  it  also  guards  somewhat  against  the  glue  gloss. 
However,  a  more  desirable  and  quicker,  though  somewhat  more  expen- 
sive, method  is  the  shellac  process.  All  that  is  here  required  is  to  have 
a  very  thin  solution  of  white  shellac,  in  which  fossils  are  well  soaked 
and  then  laid  aside  to  dry.  Such  hardened  fossils  will  never  stick  to 
moist  fingers,  as  is  the  case  with  glue-soaked  specimens.  Dr.  W.  H. 
Dall,  of  the  National  Museum,  employs  the  shellac  process  entirely  to 
harden  all  soft  Tertiary  marl  fossils. 


'Woodward  and  Thomas,  The  Microscopical  Fauna  of  the  Cretaceous  in  Min- 
nesota, Final  Report  Geol.  Nat.  Hist.  Survey  Minnesota,  Chap.  11,  pp.  25-27, 1893. 
''Qkikir,  p.  673,  1893. 
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Mr.  T.  W.  Stauton  recommends  the  following  process  for  soft  fossils: 

In  Boft  fossils  that  are  too  fragile  to  remove  from  the  matrix,  such  as  those  from 
the  Cretaceous  marls,  the  process  of  cleauing  and  hardening  must  he  carried  on  at 
the  same  time.  As  soon  as  a  small  portion  of  the  surface  has  heen  cleaned  hy  means 
of  lithographers'  needles  or  dental  tools,  it  in  hrnshed  with  the  shellac  solution  and 
set  aside  to  dry.  This  process  is  repeateil  until  the  entire  surface  has  heen  exposed, 
and  afterwards  in  many  cases  the  shell  can  he  entirely  removed  from  the  matrix. 
If  this  is  not  practicahle,  the  marl  on  which  it  rests  should  he  trimmed  and  the 
whole  mass  dipped  in  the  shellac  solution. 

METHODS  OF  RECORDING  FOSSILS. 

In  all  large  collections  the  most  desirable  featare  is  that  each  fossil 
shall  bear  its  systematic  name,  formation,  locality,  when  and  by  whom 
collected.  These  facts  can  not,  for  obvious  reasons,  be  written  on  each 
specimen,  therefore  more  simple  and  less  expensive  methods  are  resorted 
to  to  accomplish  this  purpose.  There  are  two  methods  in  use  by  various 
large  institutions,  one  of  which  is  preliminary  and  the  other  of  a  per- 
manent nature.  Quite  often  both  systems  are  applied  to  the  same 
specimen  for  reasons  explained  below. 

Preliminary  record. — After  the  fossils  have  been  washed  and  hard- 
ened, the  preliminary  recording  should  be  taken  up,  since  the  fossils  are 
as  yet  unstudied  and  unassorted,  and  may  remain  in  this  condition  for 
many  years,  during  which  time  it  may  happen  that  the  field  label,  con- 
taining the  most  important  information,  is  lost.  To  guard  against  such 
accidents  and  the  additional  one  of  getting  fossils  mixed  during  the 
work  of  separation  and  study  of  extended  faunas  and  floras,  Prof. 
James  Hall  adopted  the  plan  of  giving  the  field  label  a  record  number. 
Each  label  is  carefully  copied  opposite  a  given  number  in  the  "locality 
record  book."  In  it  should  be  entered  for  each  lot  the  detailed  position 
of  the  locality,  formation,  date  when  collected,  and  the  name  of  the 
collector.  Never  enter  two  lots  under  the  same  number,  if  derived  at 
different  times,  even  though  from  the  same  locality.  As  they  come  in 
the  lots  can  be  entered  and  numbered  under  continuous  numbers,  or 
certain  series  of  numbers  may  be  allotted  to  each  system.  Differently 
C4)lored  "tickets"  can  be  used  to  differentiate  Paleozoic  from  Mesozoic 
and  Cenozoic  fossils.  However,  such  details  will  vary  with  the  needs 
or  tastes  of  each  individual  worker  or  institution,  but  each  lot  must 
mvariably  have  its  own  register  number. 

Now  punch  out  of  paper  having  a  prepared  colored  surface  (green, 
orange,  etc.,)  circular  tickets  five-sixteenths  of  an  inch  in  diameter. 
Upon  these  write  very  plainly  with  waterproof  india  ink  the  locality 
Dumber  given  in  the  register  to  the  lot  in  question.  Stick  these  with 
Uqaid  gum  arable  or  a  prepared  glue  on  each  fossil  in  places  where 
nothing  of  importance  structurally  will  be  covered,  or  in  any  out  of  the 
way  places.  If  this  "  ticketing  "  is  careitdly  done,  specimens  from  many 
locahties,  without  any  labels,  can  be  gathered  for  study  into  a  single  tray, 
and  yet  these  little  tickets  will  preserve  the  history  of  each  individual 
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si^ecimen.  When  tbe  fossils  are  smaller  tlian  the  tickets  put  tliem  into 
vials  and  stick  a  ticket  on  top  of  tbe  cork,  placing  one  or  two  loose 
ones  inside  tbe  vial. 

Permanent  records. — After  tbe  collections  bave  been  studied  and 
determined,  tbe  series  of  eacb  species  selected  for  permanent  preserva- 
tion is  to  be  entered  in  tbe  museum  catalogue  and  given  a  permanent 
number.  It  sbould  make  no  difference  bow  many  individuals  are 
reserved  to  illustrate  a  species.  All  from  one  locality  sbould  receive 
tbe  same  number,  but  if  from  different  localities  eacb  lot  sbould  bave 
a  distinct  number.  Tbe  museum  catalogue  number  sbould  be  written 
or  painted  upon  eacb  fossil  witb  materials  of  a  permanent  nature,  since 
tbese  numbers  are  to  guard  tbe  museum  against  all  mixing  and  loss  of 
once  acquired  information.  Black,  green,  red,  or  vermilion  oil  colors, 
tbinned  witb  turpentine  and  some  japan  or  drier  or  indelible  inks,  are 
probably  tbe  best  to  use  for  tbis  work.  Some  museums  apply  definite 
values  to  certain  colors  or  desire  tbat  tbe  numbers  stand  out  conspicu- 
ously, but  as  rocks  bave  many  colors  it  becomes  necessary  to  first  paint 
on  tbe  specimen  eitber  a  blue,  wbite,  or  black  base,  on  wbicb  is  written 
tbe  catalogue  number.  Tbis  metbod  is  very  good  for  mineral,  petro- 
grapbic,  or  rock  collections,  but  it  is  not  necessary  to  go  to  so  much 
labor  witb  fossils.  All  tbat  is  required  is  a  permanent  number  on 
eacb  and  every  specimen  in  tbe  collecJions.  Duplicates  need  not 
receive  sucb  numbers,  since  tbeybave  locality  tickets  for  tbeir  identi- 
fication, but  sbould  be  removed  from  tbe  reserve-study  collections. 


TRIMMING  AND   CLEANING. 


I 


.  With  tools  and  brushes. — Tbe  cleaning  of  fossils  is  entirely  mecban- 
ical,  and  tbe  degree  of  success  will  depend  largely  upon  tbe  amount  of 
patience  and  originality  possessed  ratber  tban  on  tbe  kinds  of  tools. 
For  beavy  cutting  tbe  ordinary  tools  of  stonecutters  are  used,  but  for 
ligbt  work  more  delicate  tools  are  emi)loyed. 

All  fossils  for  study  and  exbibition  sbould  be  well  cleaned.  Eemove 
tbe  rock  or  clay  from  all  parts,  eitber  by  brusbing  or  cutting,  ^ard, 
calcareous  fossils  are  sometimes  easily  cleaned  of  all  clay  witb  a  brush 
made  of  thin  brass  wire  (see  fig.  5).  Tbese  brushes  were  first  thus 
employed  by  Dr.  G.  E,  Beecber,  of  Yale  University.  They  bave  been 
used  to  great  advantage  on  Waldron  (Indiana)  fossils,  and  even  on  sucb 
delicate  organisms  as  crinoids  from  Crawfordsville  (Indiana).  How- 
ever, care  must  be  exercised,  since  tbe  brushes  are  quite  stift*  and  cut 
tbe  dirt  rapidly,  compared  with  bristle  brushes. 

^The  poBsi  bill  ties  of  cleanmg  and  removing  fossils  f^om  hard  rocks,  and  methods 
for  securing  minute  fossils,  or  the  young  stages  of  adult  species,  has  but  begun.  Id 
America  this  tendency  had  its  origin  in  Albany,  N.  Y.,  with  Dr.  Charles  £.  Beecher 
and  Prof.  John  M.  Clarke.  To  the  former  gentleman  the  writer  is  particularly- 
grateful  for  many  of  the  directions  for  cleaning  fossils  detailed  in  this  paper,  and  as 
well  for  the  reading  of  this  manuscript. 
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Fio.  5.— Wire  brush. 


All  of  the  marks  left  by  cuttiug  tools  should  be  removed.  The  white 
scratches  can  all  be  removed  with  very  dilute  muriatic  acid  and  brush- 
ing, but  be  careful  that  the  acid  is  not  strong,  otherwise  calcareous 
fossils  will  take  on  a  gloss  which  is  objectionable. 

The  best  way  to  trim  slabs  is  to  cut  them  with  thin  tin  circular  saws 
edged  with  diamond  dust,  operated  by  either  foot  or  steam  power,  or  by 
breaking  between  two  sharp-edged  jaws,  the  upper  one  of  which  is  made 
to  descend  by  whirl- 
ing a  large  wheel 
working  on  a  8h>w 
gradient  screw.  A 
number  of  forms  of 
pincers  and  cutting 
tools  are  used  in  cut- 
ting and  trimming 
specimens.  The  more  important  of  these  are  here  reproduced  (see  figs. 
6-12).  Small  hammers  are  useful,  but  great  care  miist  be  taken  to  pre- 
vent shattering  or  breaking  the  fossil. 

Broken  fossils,  if  small,  are  best  mended  with  fish  glue;  when  large 
enough  plaster  of  paris  should  be  added  to  give  the  glue  greater  body. 
Sand  bags  are  very  serviceable  in  working  slabs  and  large  fossils, 
particularly  when  chisels  and  hammers  are  to  be  used.     In  remov- 
ing rock  from  skeletons, 
sand    bags    are    of    the 
greatest  service  to  block 
up  and  remove  pressure 
from   weak    spots  or  to 
ease  strains  when  turn- 
ing specimens. 

Cleaning  with  acids  and 
^ota«^.— Calcareousrocks 
with  siliceous  fossils  can 
be  etched  in  a  solution  of 
about  one  part  of  com- 
mercial muriatic  acid  to 
two  parts  of  water.  Use 
dishes  of  various  sizes 
and  set  these  out  in  the 
air,  otherwise  the  escap- 
ing fumes  will  corrode  all  metallic  surfaces  in  the  room.  Once  or  twice 
each  day  the  rock  can  be  subjected  to  fresh  dilute  acid,  but  first  wash 
away  the  dead  acid  under  a  stream  of  running  water.  Also  transfer 
the  loose  material  at  the  bottom  of  the  dish  to  another  with  clear 
water,  in  which  it  is  best  to  leave  the  material  for  a  few  days  to  soak 
out  all  of  the  acid,  otherwise  your  fossils  may  always  have  a  wet  and 
greasy  appearance.    A  very  little  caustic  potash  added  to  the  water 


Fio.  C. 


Fia.  7. 


CuttiDg  forcopR. 
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will  also  assist  in  retnoving  the  acid.  After  the  material  has  dried,  sift 
it  through  the  three  sieven  described  under  "Clay  and  marl  washing." 

Pli08phatic  sheila,  such  aa  thick-Bhelled  or  very  Biiiall  lingaloida  or 
graptolit«s  of  a  half-carbonized,  chitinouH  substance,  can  also  be  etched 
out  of  limestone,  bnt  here  the  acid  solution  must  be  very  Weak.  Final 
or  delicate  etching  can  be  done  with  vinegar  more  or  less  dilated. 

Siliceous  fossils  from  red  soils  can  be  bleachetl  with  oxalic  acid  dis- 
solved in  water,  to  which  action  subject  them  for  a  day  or  two;  then 
soak  them  in  water  for  a  few  days  more,  changing  frequently  to  get  rid 
of  all  acid. 

To  remove  hard  clay  ^m  the  calyxes  of  corals  or  the  interior  of 


shells  and  other  objects,  caustic  potash  is  often  very  serviceable.  Fos- 
sils cleaned  in  this  way,  however,  must  be  solid  and.without  cracks,  for 
the  potash  will  penetrate  into  the  minutest  fracture  and  force  the  {larts 
asunder.  "Caustic  potassa"  comes  in  round,  slender  sticks  sealed  in 
one-half  and  one-pound  bottles.  Keep  the  potash  sealed  in  the  bottles 
with  paraffin  and  cork  stoppers.  Handle  the  pieces  with  iron  force[«, 
not  with  the  Angers.  In  cleaning  fossils  have  the  parts  to  be  acted  on 
uppermost,  and  on  these  lay  small  pieces  of  solid  caustic  potash.  After 
the  potash  has  acted  for  a  day  or  so  wash  the  <lirt  away  which  rises  iu 
puffed  masses,  and  continue  the.  a])i)licati»n  of  fresh  potash  until  the 
parts  are  cleaned.  To  get  rid  of  all  potash,  which  if  not  removed  will 
for  years  after  come  to  the  surface  in  a  white  film,  soak  the  fossils  in 
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many  changes  of  water  to  which  has  been  added  a  few  drops  of  muri- 
atic acid,  and  brush  repeatedly.  Sometimes  the  white  film  is  a  product 
of  decomxwsition  and  can  not  be  wholly  removed.  It  can  then  be  dark- 
ened with  India  ink  or  some  suitable  color. 

Preparing  skeletons. — The  cleaning  of  vertebrate  skeletons  when  em- 
bedded in  rock  is  at  best  very  difficult  work.  Since  none  but  large 
institutions  attempt  to  prepare  such  bones,  there  will  be  no  necessity 
to  describe  here  the  various  manipulations  surh  specimens  undergo 
before  they  are  placed  on  exhibition.  However,  all  bones  found  in 
marshes  should  at  once  be  well  soaked  in  gum  water  after  exhuming, 
and  then  dried  slowly  in  a  protected  place.  Bones  found  loose  on  the 
surface  should  also  be  treated  in  the  same  way.  Boiling  in  oil,  shel- 
lacking, or  varnishing  should  be  avoided. 

ARTIFICIAL  CASTS  AND  SQUEEZES  FROM  NATURAL  MOLDS. 

When  the  specimen  is  large  and  flat,  as  large  Cambrian  trilobites,  for 
instance,  dental  plaster  of  paris  will  make  good  casts.  If  the  specimen 
is  in  a  hard  slate  or  limestone,  moisten  it  well  with  water  or  apply  a 
thin  solution  of  "green  soap''  before  pouring  on  the  liquid  plaster  of 
paris,  which  is  to  prevent  the  cast  from  adhering  to  the  fossil. 

To  obtain  a  squeeze  of  the  dentition  of  shells  or  delicate  surface 
ornamentation  from  not  too  deep  natural  molds,  guttapercha  is  very 
good.  This  comes  in  small,  thin  sheets  of  a  reddish  color.  Out  off  a 
piece  about  twice  the  size  of  the  mold.  Heat  this  in  hot  water  and 
then  press  it  into  the  moistened  mold  with  the  thumb,  which  must.be 
wet  to  prevent  sticking.  Oonsiderable  pressure  is  required  to  make  a 
fine  squeeze.  Keep  folding  back  into  the  middle  that  squeezed  out, 
otherwise  there  will  not  be  enough  gutta-percha  in  the  deep  parts  to 
take  on  the  form  of  the  mold. 

Where  the  mold  is  very  deep  or  has  slight  "undercuts,'' a  very  good 
substance  to  use  for  making  casts  is  "modeling  composition  for  dental 
purposes.  No.  2,  medium."  This  comes  in  cakes  packed  in  half-pound 
lK)xe8,  and  can  be  purchased  at  any  dental  supply  store.  This  also  is 
made  pliable  by  hot  water.  Modeling  composition  is  used  for  making 
squeezes  in  the  same  manner  as  the  former,  and  since  it  is  softer  when 
heated  and  remains  so  longer  than  gutta-percha,  it  can  be  more  readily 
pressed  into  deep  cavities  and  bent  out  of  undercut  places. 

Casts  of  gutta-percha  and  modeling  composition  in  the  course  of 
years  become  very  brittle  and  are  then  very  easily  broken.  If  perma- 
nency is  required,  molds  and  casts  in  plaster  of  paris  should  be  made. 

METHODS  OF   PREVENTING   DECOMPOSITION. 

About  the  only  fossils  which  are  liable  to  decompose  in  the  air  are 
those  changed  into  iron  pjrrite.  As  yet  no  process  is  known  which 
will  entirely  stop  decomposition  and  leave  the  specimen  with  its  natu- 
ral color.    Boiling  in  hot  paraffin  or  melting  this  over  the  fossil  with 
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a  blowpipe  sometimes  will  atop  dec«miK)sitiou  entirely.  Soaking  in 
vaseline  sometimes  will  do  tlie  same.  Another  good  method,  which 
seems  to  promise  fiur  results,  since  the  natural  color  of  the  si>ecimen  is 
not  changed,  is  one  recently  adopted  in  the  dei)artment  of  minerals  of 
the  National  Museum  by  Mr.  Wirt  Tassin.  This  consists  in  varnish- 
ing the  specimen  with  a  coat  or  two  of  '^retouching  varnish,"  a  fluid 
used  by  artists  in  fixing  crayon  pictures. 

PBRMANRNT  LABELS  AND  PAPER  TRAYS. 

The  label  and  paper  tray  figured  below  is  one  in  use  in  the  National 
Museum  study  collections.    It  will  at  once  be  seen  that  this  label  is 

never  covered  by  the  fossils,  but  is 
always  readily  seen,  while  the  label 
on  which  the  fossils  rest  gives  addi- 
tional space  for  short  remarks  when 
such  are  deemed  necessary.  Paper 
trays,  in  sizes  which  are  multiples  of 
each  other,  are  the  best  for  holding 
fossils  for  study  and  for  private  col- 
lections. These  should  be  of  the  fol- 
lowing sizes,  in  inches :  2  by  3, 3  by  4, 
4  by  6,  6  by  8 ;  sides  five-eighths  of  an 
inch  high,  with  the  corners  bound  together  with  linen;  the  inside  of 
trays  should  be  covered  with  smooth,  glossy,  white  paper  to  prevent 


.Cho^tfetka.. 


Fio.  13.~Paper  tray. 


the  dust  from  adhering. 


APPENDIX. 


LIST  OP   SOME  IMPORTANT  LOCALITIBS  FOR  FOSSILS   IN  NORTH   AMERICA. 

Only  such  localities  as  are  known  to  yield  well-preserved  fossils  in 
comparative  abundance  are  given.  Historic  or  important  geologic 
localities  are  not  noted  unless  yielding  good  fossils.  The  exact  |K)sition 
of  localities  is  not  indicated,  only  the  nearest  town;  but  the  outcrop- 
ping rocks  will  be  easily  found  if  directions,  given  under  the  heading 
^^  Localities  new  to  the  collector^  (page  9),  are  followed.  Localities  are 
arranged  geologically  under  systems,  beginning  with  the  oldest  (Cam- 
brian) and  ending  with  the  Post-Pliocene. 

CAMBRIAN. 

Lowe7'  Cambrian. — ^Troy,  Scho<lack  Landing,  Washington  County, 
N.  Y.;  Parker's  Quarry,  near  Georgia,  east  of  Swan  ton,  Vt.;  York,  Pa.; 
Coosa  valley,  Ala.^  Eureka  district  and  Pioche,  Nev. 

Middle  Cambrian. — St.  Johns,  New  Brunswick;  Coosa  valley,  Ala.; 
Mount  Stephan,  British  Columbia;  Eureka  district,  Nev.;  Antelope 
springs,  House  range,  Utali. 

Upper  Cambrian  (in  plaees  aUo  Middle  Cambrian). — Near  Sarato^^ra, 
N.  Y.;  Prairie  du  Sac,  Trempealeau,  Meuoinouie,  Eau  Claire^  Hudson, 
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St.  Croix  falls,  Wis. ;  Red  Wing,  Winona,  Pranconia,  Marine  M  ills,  Dres- 
bach,  Minn.;  San  Saba  river,  Texas;  Eureka  district,  Nev. ;  Dead  wood, 
S.  Dak. 

LOWER  SILURIAN  OR  ORDOVICIAN. 

Calctferous. — Philipsburg,  Point  Levis,  Quebec;  Mingan  islands; 
Mills  creek  basin,  Tenn.;  Armstrong  mines  and  Swan  creek.  Christian 
county,  Mo. 

Chazy, — Cbazy,  N.  Y.;  Fort  Cassin,  Vt. 

Trenton  and  subdivisions  —Trenton  falls, Watertown,  and  Middleville, 
N.Y.;  Ottawa  and  Montreal,  Canada;  Blue  grass  region  of  central  Ken- 
tucky; Nashville, Lebanon,  and  Clarksville, Tenn.;  Dixon,  111.;  Beloit, 
Janesville, andPlatteville,  Wis.;  Decorah, Iowa;  Minneapolis. St. Paul, 
and  Cannon  Falls,  Minn.;  Canon  City,  Colo. 
For  fishes. — Canon  City,  Colo. 

Lorraine  or  Cincinnati. — Anticosti  island.  Gulf  of  St.  Lawrence; 
Salmon  river,  N.Y.;  Cincinnati,  Oxford,  Waynesville,  Ohio;  Versailles, 
Richmond,  Madison,  Ind.;  Wilmington,  Sterling,  HI.;  Spring  Valley, 
Minn. 

UPPER  SILURIAN   OR   SILURIAN. 

Lower  and  Middle  Silurian. — Anticosti  island.  Gulf  of  St.  Lawrence; 
Lockport,  liochester,  N.  Y. ;  Gault,  Gueiph,  Ontario;  Dayton,  Eaton, 
Ohio;  Waldron,  Ind.;  Louisville,  Ky.;  Chicago,  Joliet,  111.;  Wauwa- 
tosa,  Racine,  Milwaukee,  Wis.;  Perry  County,  Tenn. 

Lmver  Htlderherg. — Albany  and  Schoharie  counties,  Becrafts  Moun- 
tain, near  Hudson,  N.  Y. ;  Square  lake.  Me. ;  Perry  and  Decatur  coun- 
ties, Tenn. 

DEVONIAN. 

Lower  Devonian. — Oriskany  falls,  Albany  and  Schoharie  counties, 
Becrafts  Mountain,  near  Hudson,  Port  Jervis,  N.  Y.;  Cumberland,  Md.; 
De  CewsviUe,  Ontario. 

Middle  Devonian. — Schoharie,  Leroy,  Pratts  falls,  Moscow,  Eighteen 
Mile  creek, Canandaigua,N.Y.;  De'Cewsville,  Ontario;  Columbus,  San- 
dusky, Ohio;  Louisville,  Moreland,  Lebanon,  Ky.;  Cumberland,  Md.; 
Fulton,  Mo.;  Davenport,  Iowa;  Rock  Island,  111.;  Milwaukee,  Wis.; 
Thedf<»rd,  Ontario;  Petoskey,  Alpena,  Mich.;  Eureka  district,  Nev. 
For  fillies, — Sandusky,  Delaware,  Milford,  north  of  Columbus, 
Ohio;  North  Vernon,  Ind. 

Uppir  Devonian — Ithaca,  Steubenville,  N.  Y.;  Warren,  Pa.;  Rock- 
ford,  Independence,  Iowa;  Eureka  and  White  Pine  districts,  Nev. 

CARBONIFEROUS. 

Waverly. — Warren,  Pa.;  Granville,  Bedford,  Sciotoville,  Ohio;  knobs 
south  of  Louisville.  Ky.;  Louisiana,  Choteau  Springs,  Mo.;  LeGrand, 
Iowa;  Marshall,  Mich. 
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For  fishes. — Sbeftield,  Lorain  county,  Rocky  river,  near  Berea,  Ohio. 
Lower  Carboniferous. — Burlington,  Keokuk,  Ottumwa,  Iowa;  War- 
saw, Nauvoo,  St.  Louis,  Alton,  Chester,  Kaskaskia,  111.,  Spergen  Hill, 
Bloomington,  Crawfordsville,  lud. ;  Princeton,  Ky. ;  Huntsville,  Ala. 
For  fishes. — Quincy,  Hamilton,  Warsaw,  Nauvoo,  Chester,  111.: 
Augusta,  Iowa. 
Upper  Carboniferous  or  Coal  Measures. — Flint  Ridge,  near  Newark, 
Ohio;  Springfield,  La  Salle,  Danville,  Mazou  creek,  III.;  Kansas  City, 
Mo.;    Des  Moines,  Ottumwa,  Iowa;   Oswego,   Leavenworth^   Kans.; 
Giddings,  Tex.;  Plattsmouth,  Bellevue,  Nebraska  City,  Nebr.;  Santa 
Fe,  N.  Mex. 

Plant  localities  are  generally  associated  with  coal  mines.  ^ 
For  fishes  and  batra^ihia. — Linton,  Columbiana  county,  Ohio;  Mor- 
ris, Belleville,  Carlinville,  111. ;  Nova  Scotia  coal  fields. 

TRIA8SIC. 

Durham,  Middlefteld,  Southbury,  Conn.;  Sunderland,  Mass.;  Phoe- 
uixville.  Pa.;  Humboldt  Mountains,  Nev.;  southeastern  Idaho;  Pitt 
river  region,  Shasta  and  Plumas  counties,  Cal. 

For  Dinosaur  tracks. — Greenfield,  Turners  Falls,  Mass.;  Portland, 

Conn. 
For  fishes. — Boonton,  N.  J.;  Durham,  Conn.;  Turners  Falls,  Mass. 
For  Dinosaurs. — Springfield,  Mass.;  Windsor,  Manchester,  Conn. 

JURASSIC. 

Black  Hills,  Dak.;  8  miles  north  of  Canon  City,  Colo,  (fresh  water 
invertebrates);  Pitt  river  region,  Shasta  county  and  Taylorville,  Cal. 
For  mammals. — Near  Lake  Como,  Wyo. ;  near  Canon  City,  Colo. 
For  Dinosaurs. — Black  Hills,  Dak.;  Lake  Como,  Wyo.;  Morrison, 
Canon  City,  Colo. 

CRKTACEOUS. 

Lower  Cretaceous. — Leon  Springs,  Austin,  Denison,  Fredericksburg 
Glen  Rose,  Tex.;  Shasta  and  Tehama  counties,  Cal.;  Riddles,  Oreg. 
For  plants, — Vicinity  of  Dutch  Gap,  9  miles  north  of  Fredericks- 
burg, near  Brooke  station,  Va.;  Baltimore,  Md. ;  new  reservoir, 
District  of  Columbia;  Glen  Rose,  Tex. 
Upper  Cretaceous. — New  Egypt,  Blackwoodstown,  near  Marlboro,  Mor- 
ristown,  N.  J.;  Eufaula,  Prairie  Bluff,  Ala.;  Ripley,  Houston,  Miss.; 
near  Fort  Worth,  New  Braunfels,  Kaufman,  Corsicana,  Chatfield,  Tex.; 
Black  Hills,  Dak.;  Fossil  creek,  Larime  county,  Canon  City,  Huer&no 
Park,  Boulder,  Colo.;  Coalville,  Utah;  Fort  Benton,  Mont.;  Redding 
and  Cow  creek,  in  Shasta  county.  Pence's  ranch  in  Butte  county,  Cal. 


'A  complete  cativlogue  of  American  fossil  plant  localities,  up  to  1889,  will  be  found 
on  pages  848-931  of  the  **  Eighth  Annual  Report  of  the  Director  of  the  United  StJit^s 
Geological  Survey,  1889."  The  work  is  by  Lester  F.  Ward  and  is  a  part  of  "The 
Geographical  Distribution  of  Fossil  Plants.^' 
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Dakota  group  plant  localities. — Near  Fort  Barker,  10  miles  north- 
east of  Delphos,  Ellsworth  county,  Pipe  creek,  in  Cloud  cx)unty, 
Kans. ;  north  side  of  Big  Cottonwood  river,  near  New  Ulm,  Minn. 

Laramie  group  plant  localities, — Vicinity  of  Golden,  Erie,  Mount 
Carbon,  near  Morrison,  Colo.;  Black  Buttes,  Hodges  Pass,  Point 
of  Bocks,  Wyo. 

For  Creta^ous  Dinosaurs  and  other  vertebrates. — Marlboro,  Homers- 
town,  Birmingham,  Bamsboro,  N.  J.;  in  the  marl  and  iron-ore 
beds  near  Baltimore,  Md.;  Smoky  Hill  and  Solomon  rivers, 
Kans.;  near  Denver,  Colo.;  Converse  county,  Wyo.;  Judith 
river,  Montana. 

EOCENE. 

Upper  Marlboro,  Piscataway  creek,  Glymont,  Md.;  Acquia  creek, 
Va.;  Claiborne,  Wood's  Bluff,  on  Tonibigbee  river,  Ala.;  Vicksburg, 
Enterprise,  Shubuta,  Jackson,  Miss. 

Plant  localities. — Florissant,  Colo. ;  Green  Eiver  Station,  Wyo.    The 

last-named  locality  is  also  famous  for  its  well-preserved  fishes. 
Vertebrate  localities. — ^For  Zeuglodon,  Clarke  county.  Miss.;  Clarke 
and  Choctaw  counties,  Ala.;  Farmingdale,  N.  J.;  Evanston,  Fort 
Bridger,  Wind  River,  Wyo.;  White  river,  Utah;  Animas  river, 
New  Mexico. 

MIOCENE. 

Yorktown,  Va.;  Jericho,  N.  J.;  St.  Marys  river.  Plum  Point,  5  miles 
southeast  of  Easton,  Md. ;  Wilmington,  Natural  Well,  N.  C. ;  Darlington 
Courthouse,  S.  C. ;  Alum  Bluff*,  Tampa,  Chipola  River,  Fla. 

Plant  localities. — Independence  Hill,  Spanish  Peak,Cal. ;  John  Day 
valley,  Oregon ;  Cook  inlet,  Unga  island,  Alaska.    The  Alaska 
localities  may  be  either  Miocene  or  Pliocene. 
Vertebrate  localities. — Squankum,  Shiloh,  N.  J.;  Bad  Lands,  Nebr., 
^nd  S.  Dak. ;  John  Day  valley,  Greg. 

PLIOCENE. 

Galoosahatchie  river,  Fla. ;  Loup  Fork,  Niobara  river,  Nebr. 

P08TPLI0CENE. 

Cornfield  harbor,  Federalsburg,  Md. ;  Wadmalan  sound,  S.  C. 
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DIRECTIONS   FOR  COLLECTING  AND  PRESERVING 

SCALE  INSECTS  (COCCIDJI). 


By  T.   D.  A.   COCKERELL. 

EnUnnologUt  of  the  New  Mexico  Agricultural  Experiment  Station, 


Genebax  dibeotions  for  collecting  and  preserving  insects  have 
been  given  in  such  admirable  form  by  Doctor  Charles  V.  Riley,  that 
any  further  contribution  to  the  subject  might  seem  superfluous.  But 
Coccidse  are  so  different  from  other  insects  that  they  can  not  be  treated 
in  the  same  way.  Ordinary  insect  collectors,  even  when  attempting  to 
obtain  material  in  all  orders,  almost  invariably  ignore  the  Coccidte. 
Thus,  for  example,  innumerable  collections  have  been  made  in  Brazil^ 
South  Africa,  and  the  Malay  Archipelago,  some  of  them  very  extensive 
and  varied;  yet  the  CoccidaB  of  these  regions  are  almost  entirely 
unknown.  The  writer  has  not  the  least  doubt  that  he  could  find  in  a 
single  day  in  Rio  Janeiro,  Gape  Town,  or  Rata  via,  more  species  of 
Coccidse  than  are  at  present  known  from  either  of  the  regions  men- 
tioned, with  the  possible  exception  of  Brazil,  whence  several  forms 
have  lately  been  sent  by  Doctor  Von  Jhering.  He  knows,  in  fact, 
single  gardens  in  Kingston,  Jamaica,  which  contain  more  coccid 
species  than  are  recorded  from  either  of  these  three  regions. 

We  are  accustomed  to  pride  ourselves  on  the  scientific  spirit  exhibited 
by  the  English-speaking  races  of  the  present  day;  yet  Jamaica,  one  of 
the  oldest  of  English  colonies,  has  not  produced  naturalists  like  Poey 
and  Gundlach,  of  Cuba.  Considering  our  opportunities  all  over  the 
world,  it  is  surprising,  not  that  we  have  accomplished  so  much,  but 
that  we  have  in  so  many  directions  failed  to  even  see  what  was  before 
us.  What  we  have  seriously  set  ourselves  to  do  has  in  almost  every 
case  been  done  not  only  successfully  but  brilliantly;  but  our  capacity 
for  ignoring  whole  classes  of  facts,  so  far  from  being  peculiar  to  strictly 
ofKcial  circles,  has  manifested  itself  on  every  side.  Thus  it  is  that  the 
Coccidae,  everywhere  abundant  in  the  Tropics,  everywhere  conspicuous 
on,  and  injurious  to,  cultivated  plants,  have  been  regarded  almost  as  if 
thev  had  no  existence. 

Yet  there  is  no  group  of  insects  so  easily  collected  as  the  Coccid®. 
None  are  more  easily  packed  in  a  small  space  or  sent  through  the  mails. 
A  complete  collection  of  the  known  neotropical  species  could  easily  be 
put  in  a  hand  bag  of  very  moderate  size. 

13] 
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COLLECTING  COCCID-fi. 

I.  Localities. — It  may  be  taken  as  a  geueral  rule  that  Coccid«  are 
Dot  abnndaut  nortli  or  south  of  the  fortieth  parallels,  although  (as  I 
learn  from  Mr.  Bergroth)  Orthezia  cataphracta  has  been  found  even  in 
Greenland  and  Arctic  Siberia.  At  all  events,  in  the  colder  portions  of 
the  temperate  zones  it  will  not  pay  anyone  to  search  for  Coccida^  alone, 
although  if  he  has  them  in  mind  when  looking  for  other  things  he  will 
be  sure,  in  the  course  of  time,  to  run  across  many  interesting  forms. 
In  the  tropics,  however,  and  even  in  the  warmer  parts  of  the  temperate 
regions,  searches  directed  to  Coccid^  alone  will  yield  excellent  harvests. 
A  tour  around  any  tropical  garden,  especially  if  it  be  at  or  near  sea 
level,  will  be  almost  certain  to  furnish  much  interesting  material. 
Going  southward  on  the  American  mainland,  no  species  are  known 
from  the  whole  western  coast  of  Mexico  south  of  Guaymas,  except  an 
Aspidiotus  from  Mazatlan.*  The  little  collecting  that  has  been  done  in 
Tampico  and  Vera  Cruz  on  the  east  coast  does  but  give  us  a  glimpse 
of  an  undoubtedl}'  rich  coccid  fauna,  l^rom  Yucatan  we  know  noth- 
ing,! nor  is  anything  known  from  Lower  California.  From  Guatemala 
to  Panama  we  have  just  two  records!  From  the  mainland  of  South 
America  we  know  practically  nothing  except  from  British  Guiana,  Sao 
Paulo  in  Brazil,  and  the  neighborhood  of  Santiago  in  Chile.  Here  and 
there,  elsewhere,  a  single  species  has  been  obtained,  or  possibly  two  or 
three,  but  no  serious  collecting  has  been  done,  or  if  It  has,  we  have  no 
published  information  regarding  it. 

In  the  West  Indies,  Jamaica,  Antigua,  Trinidad,  and  lately  Grenada 
have  furnished  collections  of  coccids;  the  Jamaica  list  is  the  best,  and 
stands  at  about  seventy;  next  comes  Trinidad,  with  about  forty. 
That  we  know  four  species  from  Cuba,  two  from  Haiti,  and  one  from 
Porto  Rico  merely  shows  that  no  one  has  seriously  looked  for  Coccidae 
in  these  islands.  Martinique  has  just  one  record,  Guadeloupe  and  St. 
Lucia  none. 

Passing  westward  to  the  Pacific  Islands,  collections  have  been 
made  in  the  Hawaiian  Islands  and  a  few  species  have  come  from  Fiji. 
But  otherwise  we  know  hardly  anything.  From  Tahiti  three,  New 
Caledonia  one,  Tonga  one,  Samoa  one,  the  Marquesas  one.  From 
the  Galapagos,  Low  Islands,  Cook  Islands,  New  Hebrides  Islands,  etc., 
none  at  all. 

New  Zealand  and  the  eastern  parts  of  Australia  have  been  pretty 
well  searched,  and  very  many  interesting  species  described;  but  the 
whole  of  the  East  Indian  Archipelago  is  practically  virgin  ground. 
China,  Siam,  the  Malay  Peninsula,  Burmah — all  are  unexplored  for 

*  SiDoe  this  waa  written,  three  or  four  more  Bpeciea  have  come  to  hand  from  the 
west  coast  of  Mexico. 

f  Since  the  above  was  written,  Professor  Townsend  has  sent  a  new  species  of 
Lecanium  from  Yucatan. 
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Coccidse.  Even  India  has  received  but  the  most  meager  attention, 
although  the  Ceylonese  species  have  just  lately  been  carefully  studied 
by  E.  E.  Green.  We  know  nothing  of  the  scale  insects  of  Arabia,  Persia, 
Afghanistan,  Turkestan,  etc.,  Japan,  until  lately,  had  no  coccid  records, 
but  some  collecting  recently  done  there  has  yielded  excellent  results, 
the  majority  of  the  species  being  new. 

The  islands  of  the  Indian  Ocean,  Madagascar,  and  the  whole  of  trop- 
ical Africa  are  practically  unexplored  for  Coccidse. 

Thus,  to  sum  ui),  it  may  be  said,  in  the  first  place,  that  the  Coccidae 
are  by  far  the  most  abundant  in  the  Tropics;  and  in  the  second,  that  no 
part  of  the  Tropics  has  been  anything  like  carefully  examined  for  them, 
except  Jamaica,  Antigua,  Trinidad,  and  Ceylon.*  There  is  thus  a  vast 
field  left  for  investigation,  compared  to  which  the  investigated  por- 
tions of  the  earth  are  utterly  insignificant. 

II.  Plants  on  which  Coccidce  are  found. — OoccidaB  are  found  principally 
on  trees  and  shrubs.  Herbaceous  plants  in  temperate  regions,  which 
die  down  in  winter,  support  Aphididfe  and  Aleyrodidae,  but  very  rarely 
OoccidaB.  The  reason  of  this  is  obvious,  since  the  stationary  females 
would  perish  when  the  infested  parts  of  the  plant  died.  Nevertheless, 
there  are  some  root-inhabiting  coccids  of  great  interest,  and  others 
which  occur  on  perennial  grasses  and  similar  plants.  Some,  also,  are 
found  in  the  nests  of  ants.  Mr.  Newstead  has  lately  taken  the  trouble 
to  examine  such  situations  in  England,  with  the  result  of  finding  sev- 
eral entirely  new  and  very  interesting  species.  Mr.  G.  B.  King,  col- 
lecting in  Massachusetts,  has  been  even  more  successful. 

Of  temperate-region  trees  and  shrubs  there  are  many  which  have 
yielded  Coccidae.  The  various  species  of  oaks  are  especially  worth 
examination,  while  mention  must  be  made  of  the  willows,  poplars, 
roses,  ashes,  elms,  birches,  pines,  spruces,  and  all  the  rosaceous  trees 
cultivated  for  fruit.  While  in  the  Tropics  the  leaves  of  trees  are 
much  infested,  in  temperate  regions  the  smaller  branches  and  twigs 
will  be  found  to  bear  most  of  the  scale  insects.  Evergreens,  however, 
will  exhibit  species  of  Diaspinae  on  the  leaves. 

Going  somewhat  farther  south,  the  native  shrubs  and  perennial  her- 
baceous plants  will  show  a  fair  coccid  fauna.  In  the  Mesilla  Valley 
the  Atriplex  canescens  is  extraordinarily  prolific  in  coccids,  presenting 
six  species,  all  of  diiferent  genera.  I  have  come  to  regard  it  as  a 
probable  rule  in  this  region  that  every  native  shrubby  plant  will 
show  at  least  one  coccid,  though  there  are  several  on  which  none  have 
yet  been  found.  The  mesquite,  Prosopis,  has  yielded  good  coccids  in 
New  Mexico,  Arizona,  and  Jamaica,  but  in  each  region  the  species  are 
different.  Thus  it  is  evident  that  collecting  should  be  carefully  done 
at  various  points  in  the  range  of  a  likely  plant;  even  the  Mesilla  Val- 
ley, New  Mexico,  and  Tucson,  Arizona,  have  very  different  coccid 

*  Professor  Townseiid  has  lately  collected  with  care  in  Tabasco,  Mexico,  but  the 
collection  has  not  yet  been  studied. 
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faunae,  though  in  the  same  general  region.  The  same  species  of  plants 
in  these  localities  are  not  infested  by  the  same  coccids  at  all.  In  the 
Tropics  almost  everything  may  be  examined,  but  especiaUy  cultivated 
plants  at  sea  level.  Palms,  particularly  the  cocoanut,  are  excellent. 
Crotons,  orange  trees,  cotton,  guava,  mango,  olive.  Hibiscus^  Acalypha, 
akee,  capsicum,  Lantana^  sugar  cane,  ferns,  orchids,  cacti,  etc.,  have 
proved  worth  examination.  Even  the  underground  tubers  of  yams 
and  sweet  i)otatoes  have  their  peculiar  species. 

In  Australia  wonderful  coccid  faunae  inhabit  the  species  of  Euca 
lyptus  and  Gasuarina^  including  many  gall-making  forms.  It  is,  how- 
ever, of  little  use  to  examine  these  trees  in  parts  of  the  Tropics  where 
they  are  not  native  but  have  been  raised  from  seed.  It  is  useful  to 
look  under  the  bark  of  such  trees  as  have  loose  bark,  like  the  lignum 
vitsB  of  the  West  Indies. 

A  great  deal  of  excellent  work  may  be  done  by  those  who  receive 
plants  from  the  Tropics.  It  is,  of  course,  extremely  desirable  to  prevent 
the  introduction  of  fresh  coccids  into  our  hothouses  and  gardens;  but 
if,  in  addition  to  destroying  the  species  found  on  plants  received,  tiie 
owners  would  save  some  specimens  for  the  coccidologist,  it  would  be  an 
excellent  thing.  Much  has  already  been  accomplished  in  this  way, 
but  there  is  a  great  deal  of  usefril  work  still  to  be  done;  in  fact,  con- 
sidering the  opportunities  that  importers  have,  the  results  are  nothing 
to  be  proud  of.  Nor  is  it  any  satisfaction  to  contemplate  the  careless 
manner  in  which  infested  plants  are  taken  from  hothouse  to  hothouse, 
bought  and  sold,  without  any  serious  attempt  to  clean  them  of  scale 
insects.  It  is  not  merely  a  question  for  the  hothouses,  either,  since  it 
is  through  hothouse  plants  that  several  coccids  have  already  been 
transferred  from  the  Tropics  of  one  hemisphere  to  those  of  the  other. 
Witness  Orthezia  insignis,  for  example. 

III.  How  to  recognize  Coccidce. — OoccidaB  are  degraded  homopterous 
insects  with  apterous  and  usually  stationary  females  and  two-winged 
(rarely  apterous  or  suba))terous)  males.  This  definition,  however,  will 
not  much  assist  the  casual  observer.  Attention  should  be  directed  to 
any  stationary  insect  with  a  soft  body  and  more  or  less  mealy  powder 
or  cottony  secretion ;  also  to  any  hard,  naked  species  resembling  some- 
what half  of  a  split  pea,  or  to  any  oblong  or  rounded,  flat,  or  convex 
object,  hard  or  soft,  from  the  size  of  a  pin's  head  to  that  of  a  waistcoat 
button.  Likewise  to  any  whitish  or  grayish  scurfy  substance,  and  to 
any  small  masses  of  wax.    All  such  are  nearly  sure  to  be  OoccidsB. 

Unskilled  observers  always  manage  to  gather  in,  along  with  the  coc- 
cids, some  miscellaneous  material  such  as  Aleyrodidae,  Psyllid®,  and 
even  fungi.  But  there  is  no  harm  in  this.  On  the  contrary,  new  species 
of  both  Aleyrodidie  and  fungi  have  been  found  among  coccid  material 
sent  to  me,  proving  quite  as  interesting  as  the  coccids  themselves. 

IV.  ffow  to  collect. — Simply  gather  portions  of  the  plants  with  the 
insects  in  situ.  If  the  specimens  are  on  the  bark  of  large  trees,  por- 
tions of  the  bark  or  epidermis  may  be  removed  with  a  knife.    When 
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possible,  always  get  plenty  of  material.  Well-known  species  can  usu- 
ally be  recognized  from  very  little  material— -even  single  scales;  but 
new  species,  or  species  in  difficult  groups,  require,  as  a  rule,  a  fair  num- 
ber of  specimens,  in  order  to  be  properly  studied.  This  is  in  order  that 
some  may  be  prepared  for  the  microscope  and  others  left  in  the  natural 
state,  and  also  that  the  normal  amount  of  variation  may  be  ascertained, 
and,  if  possible,  both  sexes  described.  Very  often  I  receive  one  or  two 
scales  only  of  species  of  EuUcanium — an  extremely  difficult  group.  It 
may  as  well  be  understood  that  such  material,  in  the  present  state 
of  our  knowledge,  is  practically  worthless. 

In  the  case  of  new  species,  it  is  very  desirable  to  have  enough  to 
distribute  cotypes  to  the  various  workers  in  Coccidae  and  some  of  the 
museums. 

Care  should  be  taken  to  obtain  both  sexes  whenever  possible.  Often 
the  male  scales  will  be  conspicuous  and  the  females  very  inconspicu- 
ous, as  in  some  Diaspinie,  or,  vice  versa,  as  in  many  Lecaniinae.  The 
male  scales  may  occur  on  the  leaves,  while  the  females  are  on  the  twigs; 
hence  various  parts  of  the  plant  should  be  examined. 

PRESERVING  COCCID^. 

I.  Treatment  in  the  field. — As  a  general  rule,  CoccidaB  should  be 
preserved  dry  in  situ  on  the  plants.  With  the  softer  species,  alcoholic 
material  is  often  useful,  but  it  can  not  be  too  strongly  insisted  that  this 
should  only  supplement  dry  specimens.  The  mealy  bugs,  for  example, 
can  hardly  be  determined  from  alcoholic  material  alone,  because  the 
characters  of  the  cottony  secretion  are  lost,  whereas  they  can  fre- 
quently be  described  quite  accurately  from  dried  examples.*  I  have 
had  collections  of  alcoholic  Goccidie  sent  to  me  at  considerable  trouble 
and  expense,  which  would  have  been  much  more  valuable  if  simply  sent 
in  paper  envelopes  at  a  minimum  of  cost  and  inconvenience. 

It  is  an  excellent  plan  for  the  collector  to  have  a  number  of  fairly 
large  envelopes,  or  better,  flat  card  boxes,  and  place  each  gathering 
in  one  of  them,  writing  on  the  outside  the  locality,  date,  name  of  plant, 
name  of  collector,  and  any  remarks  that  seem  desirable.  The  envel- 
opes have  the  advantage  of  occupying  a  very  small  space,  and  are  very 
convenient  for  mailing;  their  disadvantages  are  two,  first  they  may 
crush  some  scales,  particularly  Lecanium  and  Ceroplastes;  and  second, 
they  may  not  retain  any  parasites  which  happen  to  issue  from  the 
eoccids.  Oard  boxes  about  6  inches  long,  3  wide,  and  1  high,  would 
probably  serve  as  well  as  anything  that  could  be  devised,  provided 
that  the  collector  could  afford  to  take  with  him  such  bulky  objects; 
failing  these,  however,  it  is  to  be  understood  that  in  nine  cases  out  of 
ten  the  material  placed  in  envelopes  is  perfectly  satisfactory. 

Nothing  airtight,  as  tin  boxes  or  glass  tubes,  should  be  used  for 
fresh  material,  as  it  will  almost  invariably  mold. 


*  It  may  be  added,  that  alcoholic  material  is  often  bard  to  clear  for  the  mioro8cox>e. 
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Pill  boxes  are  sometimes  used  with  fair  success,  but  they  are  too 
small  to  contain  a  good  quantity  of  material.  In  working  over  a  col> 
lection  in  pill  boxes,  one  is  almost  sure  to  find  some  interesting  formB 
too  scantily  represented  for  description. 

II.  Drawings. — As  stated  above,  soft  coccids  can  frequently  be 
described  from  dried  material;  but  a  sketch  of  their  appearance  when 
alive,  with  a  note  on  their  color,  very  much  facilitates  correct  identiti- 
cation.  For  example,  with  the  mealy  bugs,  we  want  to  know  whether 
they  have  cottony  filaments  along  the  sides,  or  only  at  the  tail,  or  any 
at  all,  and  so  forth.  A  rough  sketch  may  be  made  in  a  few  moments 
on  the  box  or  envelope  at  the  time  of  collecting.  The  male  coccids 
should  always  be  described  when  alive,  if  possible. 

III.  Gollecting  food  plants. — Collectors  are  begged  not  to  guess  at 
the  names  of  the  plants.  If  they  know,  it  is  very  necessary  to  record 
the  information,  but  in  more  than  one  case  even  the  fragments  of  the 
plants  sent  have  belied  the  identification.  It  is  excellent,  when  possible, 
to  put  in  a  little  bit  of  the  fiower,  so  that  the  name  of  the  plant  may 
be  ascertained  or  confirmed.  Lately  I  received  a  new  neotropical  Pul- 
vinaria  on  a  plant  unknown,  but  a  few  withered  fiowers  were  in  the 
package,  and  from  them  it  was  possible  to  learn  at  least  the  probable 
order  of  the  plant. 

IV.  Treatment  in  the  cabinet. — The  plan  of  pinning  coccid  specimens 
seems  to  me  very  unsatisfactory.  Material  can  not  conveniently  be 
pinned  in  quantity,  or  if  it  is,  it  is  troublesome  to  label  each  specimen. 
Furthermore,  the  scales  will  frequently  come  off*  the  leaves  and  twigs, 
especially  when  such  specimens  are  sent  in  the  mails.  The  envelopes 
or  card  boxes  are  unsuitable  for  permanent  preservation  of  coccids  for 
several  reasons,  the  principal  of  which  is  that  they  do  not  exclude 
Anthrenus.  1  have  now  in  use  nothing  but  glass  tubes  with  rabber 
stoppers,  and  find  them  entirely  satisfactory.  Various  sizes  of  tubes 
may  be  used,  according  to  the  specimens.  The  data  are  written  on 
slips  of  paper  placed  inside  the  tubes.  Parasites  may  be  put  in  .small 
pieces  of  glass  tubing,  stopped  with  cotton  at  each  end,  and  these 
placed  inside  the  tubes  containing  the  coccids  whence  the  parasites 
were  bred.  One  caution  is  necessary :  never  put  material  in  a  stop- 
pered tube  until  it  is  perfectly  dry.  The  material,  if  not  dry,  may  be 
placed  in  the  tube,  but  a  wad  of  cotton  temporarily  used  in  place  of 
the  rubber  stopper. 

V.  Microscopical  preparations. — Coccidae  make  good  transparent 
objects  in  Canada  balsam,  but  they  have  to  be  clarified  first  by  boiling 
in  a  strong  solution  of  caustic  soda  or  caustic  potash.  They  may  be 
boiled  in  a  test  tube  or  small  dish  over  a  lamp,  washed  in  water,  and 
then  examined  in  the  ordinary  way.  Sometimes  it  is  necessary  to 
puncture  the  skin  in  order  to  allow  the  reagent  free  access  to  the  body 
cavity.  I  have  quite  successfully  treated  Diaspinoe  by  placing  the 
females  in  a  little  caustic  potash  solution  on  a  slide,  covering  them 
with  a  cover  glass,  and  then  boiling  for  a  few  moments  over  a  gas  jet. 
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CONCLUDING  REMARKS. 

The  present  short  article  is  inteuded  to  emphasize  the  fact  that  a  great 
deal  of  useful  work  can  be  done  by  those  who  are  not  coccidologists,  but 
happen  to  reside  in  or  visit  unexamined  localities.  Material  obtained 
by  such  persons,  if  sent  to  the  United  States  National  Museum  or 
Department  of  Agriculture,  will  be  thankfully  received,  fully  reported 
upon  as  time  permits,  and  proper  credit  will  be  given  to  the  collectors. 
Assistance  of  this  kind  is  not  asked  as  a  favor;  it  is  rather  supposed 
that  there  are  many  persons  who  would  themselves  take  a  pride  in 
adding  to  the  knowledge  of  an  interesting  group  of  insects,  while  at 
the  same  time  indirectly  conferriDg  a  benefit  upon  horticulture. 

It  is  to  be  remarked,  however,  that  there  is  a  pressing  need  for  new 
students  as  well  as  new  collectors.  The  small  baud  of  coccidologists 
now  at  work  will  welcome  any  addition  to  their  ranks,  and  (I  am  sure 
I  may  speak  in  this  for  all)  will  only  too  gladly  assist  any  student  who 
shows  a  serious  intention  to  elucidate  any  branch  of  the  subject. 

LITERATURE. 

The  student  will  find  the  following  literature  especially  useful. 

y.  SiGNORRT.  Essai  8ur  leH  cocheniUes.  1868-1876.  (A  complete  monograph  to  date 
of  pablicatioD.) 

J.  H.  Com  STOCK.  Report  on  scale  InsectH,  in  Rep.  U.  S.  Dept.  Agricaltaro  for  1880. 
Second  report  on  scale  insects,  in  2(1  Rep.  Dep.  Entomology,  Cornell  Univ.  Exp. 
Sta.  1883.     (Inclades  all  Dlaspina^  to  date.) 

W.  M.  Maskell.    Scale  insects  of  New  Zealand,  1887. 

£.  E.  Grekn.    The  Coccidve  of  Ceylon.     (In  course  of  pablioation.) 

A  general  summary  of  what  is  known  about  coccid  faunae  will  be 
found  in  Proceedings  United  States  National  Museum,  Vol.  XVII,  pp. 
615-625.  In  the  same  Proceedings,  Vol.  XIX,  pp.  725-785,  is  a  detailed 
article  on  the  food-plants  of  Goccida^,  the  insects  being  arranged  under 
the  names  of  the  plants  infested.  A  check  list  of  all  known  coccidie 
has  been  published  in  Bulletin  Illinois  State  Laboratory  of  Natural 
History,  1896.  The  yearly  bibliography  of  coccid  writings  given  in  the 
Zoological  Eecord  should  be  consulted  by  every  student. 

Mesilla,  New  Mexico,  August^  1897. 
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INTRODUCTION. 


In  Ap^i^9 1897,  the  zoologists  of  the  world  united  in  honoring  Dr. 
Anton  Dohrn  on  the  completion  of  the  first  quarter  century  of  the 
existence  and  work  of  the  zoological  station  in  Kaples.^  This  period 
has  seen  wonderful  advances  in  all  lines  of  scientific  work,  and  the 
Naples  station  has  been  such  a  prominent  factor  in  the  line  of  biology 
that  a  brief  account  of  it  will  not  be  without  interest  as  an  introduc- 
tion to  the  detailed  description  of  the  methods  emx)loyed  there.  The 
city  of  Naples  has  x)eculiar  advantages  for  the  location  of  an  aquarium 
and  zoological  station,  because  its  bay  is  remarkably  rich  in  animal 
life,  many  semitropical  and  even  tropical  forms  being  found  in  its 
waters,  and  storms  driving  in  many  of  those  which  otherwise  are  to  be 
obtained  only  in  the  broad  expanses  of  the  Mediterranean  Sea.  Jn 
1870  Dr.  Dohrn  went  there,  filled  with  the  idea  of  establishing  an  insti- 
tution partly  for  the  purpose  of  exhibiting  in  glass  tanks  the  beautiful 
and  strange  forms  of  animals  to  be  found  in  the  sea,  but  mainly  for  the 
study  of  these  animals  under  the  best  conditions  possible,  not  only  as 
to  their  anatomy  and  their  physiological  relations  to  other  animals, 
but  also  as  to  their  habits,  food,  etc.  After  two  years  of  disheartening 
delays  and  hindrances,  Dr.  Dohrn,  who  was  a  man  of  pecuniary  means 
as  well  as  of  great  scientific  attainments  and  indomitable  energy,  suc- 
ceeded in  starting  the  zoological  station  which  for  years  has  been  the 
principal  place  in  the  world  for  the  study  of  marine  animal  life,  and  the 
influence  of  which  upon  the  science  of  zoology  has  been  world-wide  and 
of  incalculable  value. 

The  home  of  the  station  is  a  three-story  and  attic  structure,  built  of 
stone  and  stuccoed,  and  consisting  of  two  parts,  separated  by  a  court- 
yard but  communicating  overhead  by  means  of  bridges.  The  ground 
floor  of  the  larger  part  of  the  building  is  devoted  to  the  aquarium,  the 
second,  third,  and  attic  floors  to  offices,  the  library,  laboratories,  and 


^  For  brief  aocoonts  of  the  Naples  station,  pablished  in  this  country,  reference 
may  be  made  to — 

The  Marine  Biological  Stations  of  Europe,  by  Bashford  Dean ;  Biological  lectures 
delivered  at  the  Marine  Biological  Laboratory  of  Woods  Hole  in  the  summer  season 
of  1893,  Tenth  lecture,  p.  224.    Also,  Smithsonian  Eeport,  1893,  p.  513. 

Some  unwritten  history  of  the  Naples  Zoological  Station,  The  Amerioan  Natural 
ist,  XXXI,  1897,  p.  960.  This  is  a  report  of  an  address  delivered  by  Dr.  Anton  Dohrn 
at  the  Woods  Hole  station  in  August,  1897. 

The  Zoological  Station  at  Naples,  by  E.  O.  Hovey,  Scientific  American,  LXXVIII, 
May,  1898,  p.  314. 

An  exceUent  and  very  complete  popular  account  of  the  station  and  its  history 
appeared  in  the  four  numbers  of  "Die  Kolnische  Zeitung''  for  March  28  and  April  4, 
11,  and  14, 1897. 
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work  rooms.  The  smaller  building  is  used  for  receiving,  preserving, 
and  storing  the  material  brought  in  from  day  to  day,  and  for  laboratories 
and  study  rooms  for  some  of  the  officials  and  others.  The  aquarium 
proper  contains  twenty-six  tanks  having  glass  fronts  and  lighted  from 
above  in  such  a  manner  that,  as  a  person  gazes  into  them,  he  can  readily 
imagine  himself  standing  on  the  bottom  of  the  sea  with  the  animals  at 
home  about  him.  There  are  no  open  tanks  and  no  light  enters  the  room 
except  that  which  comes  through  the  water. 

The  stocking  of  the  aquarium  and  the  supply  of  material  for  the 
naturalists  at  work  in  the  station  is  cared  for  in  a  very  complete  way. 
The  station  owns  two  steam  launches,  which  are  used  for  dredging  and 
other  heavy  or  distant  work,  and  two  or  more  small  rowboats,  which 
are  kept  constantly  busy  collecting  jelly-fish  and  other  surface  forms  of 
life  which  are  driven  into  the  harbor  from  the  open  sea.  Furthermore, 
all  the  fishermen  in  the  bay  regularly  bring  to  the  station  all  the  animals 
that  come  up  in  their  nets  that  are  known  to  be  desired.  These  objects 
are  paid  for  as  they  are  brought  in.  Every  day  the  naturalists  state 
what  they  need  for  the  next  day's  work,  and  every  evening  corresponding 
orders  are  given  to  the  crews  of  the  boats  belonging  to  the  station. 
One  naturalist  may  want  fifty  sea-urchins  of  a  kind,  another  twenty- 
five  starfish,  another  a  large  or  small  number  of  jelly-fish  or  crustaceans 
or  what  not,  and  each  finds  his  wants  supplied  the  next  morning,  if  the 
weather  has  been  favorable.  It  is  very  interesting  to  observe  the  pride 
which  the  rough  fishermen  of  the  bay  now  take  in  bringing  to  the  station 
all  rarities  and  other  forms  of  life  which  they  know  to  be  desired  there. 

Although  the  aquarium  is  the  most  i)opular  i)ortion  of  the  institution 
and  the  public  sees  only  that  and  the  preserved  animals  which  are  sent 
out  to  museums,  the  chief  mission  of  the  station,  in  the  eyes  of  the 
director.  Dr.  Dohrn,  and  of  all  other  scientists  as  well,  is  to  provide  a 
place  for  the  investigation  of  marine  life  under  the  best  conditions 
attainable  on  land,  and  most  of  the  station  building  is  given  up  to 
provisions  for  this  pui'pose.  The  regular  scientific  corps  consists  of  nine 
men,  including  the  director,  each  of  whom  makes  a  special  study  of 
some  form  of  animal  life.  The  average  number  of  naturalists  not  con- 
nected with  the  institution  who  study  there  is  about  forty  in  each  year, 
though  not  more  than  from  twenty-five  to  thirty  may  be  there  at  one 
time.  Each  of  these  is  an  independent  worker  along  some  particular 
line  of  study,  no  elementary  instruction  being  given  by  the  officers. 
Each  student  is  provided  with  a  table  or  desk,  drawers,  racks,  book- 
shelves, microscope,  glassware,  alcohol,  and  other  reagents,  drawing 
materials,  glass  tanks  with  running  and  stationary  water,  and,  in  faot, 
with  everything  needed  to  carry  on  his  investigations,  and  with  animals 
to  work  upon. 

The  library  is  very  full  on  all  subjects  bearing  upon  zoology,  a 
specialty  being  made  of  periodicals.  Furthermore,  fully  equipped 
laboratories  are  provided  for  the  investigation  of  the  chemical  and 
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physical  questions  which  arise,  and  there  are  optical  and  photographic 
rooms,  and  a  machine  shop  fitted  up  for  doing  all  ordiuary  grades  of 
work.  More  than  a  thousand  naturalists  have  availed  themselves  of 
these  opportunities  for  study.  Of  this  number  375  have  been  Germans, 
240  Italians,  85  Russians,  80  Englishmen,  40  Dutchmen,  40  Americans 
(from  the  United  States),  30  Swiss,  35  Austrians,  22  Belgians,  17 
Spaniards,  17  Hungarians,  the  remainder  being  Scandinavians,  Greeks, 
lioumanians,  Bulgarians,  Japanese,  and  Hindoos.  Truly  an  inter- 
national array ! 

The  activity  of  the  investigators  at  the  station  does  not  expend 
itself  wholly  or  even  largely  upon  the  description  and  naming  of  new 
species.  It  seeks  rather  to  discover  the  innermost  secrets  of  life, 
and  to  learn  all  the  comparisons  that  can  be  made  between  one  set 
of  animals  and  another.  The  results  of  the  work  are  published  in  three 
ways  and  appear  periodically.  The  description  ^of  the  Fauna  and 
Flora  of  the  Gulf  of  Kaples  began  to  be  published  in  1880,  and  up  to 
the  end  of  1897  twenty-four  quarto  volumes  of  these  exhaustive  memoirs 
had  been  issued,  magnificently  illustrated  with  numerous  text  fixures 
and  colored  and  plain  plates.  The  Contributions  from  the  Zoological 
Stations  are  the  shorter  articles  brought  out  by  the  workers  at  the 
station,  and  thirteen  volumes  of  these  have  appeared.  The  Zoologi- 
cal Yearbook  is  now  in  its  twenty-first  volume,  and  seeks  to  give  not 
only  a  list  of  all  articles  and  books  of  the  current  year  pertaining  to  the 
science,  but  also  brief  abstracts  of  their  contents. 

To  inaugurate  the  station  in  1872  required  about  $100,000,  besides  the 
land  in  the  beautiful  Yilla  Nazionale  donated  by  the  city  of  Naples. 
Friends  of  science  in  Germany  and  England  contributed  about  $40,000 
of  this  amount,  but  the  remainder  came  from  Dr.  Dohrn's  own  fortune. 
The  mooey  necessary  to  meet  the  running  expenses  of  the  institution 
comes  from  several  sources.  Each  contributor  of  £100  annually  to 
the  station  supports  a  ^^  table,"  and  has  the  right  to  name  a  person 
to  receive  the  benefits  thereof.  At  present  30  tables  are  thus  pro- 
vided for,  the  Italian  Government  paying  for  7,  different  institu- 
tntions  in  Germany  for  11,  England  for  3,  Eussia,  Austria,  and  the 
United  States*  for  2  each,  and  Belgium,  Holland,  and  Switzerland  for 
1  each.  The  tables  are  paid  for  year  by  year,  and  there  is  no  endow- 
ment fund,  though  Dr.  Dohrn  is  striving  now  to  establish  one.  The 
German  Government  appropriates  £2,000  for  the  station;  the  fees  of 
visitors  to  the  aquarium  amount  to  about  £1,000;  the  sale  of  preserved 
animals  to  about  £700,  and  the  sale  of  old  material  of  various  kinds  to 
about  £100.    The  expenses,  however,  always  manage  to  keep  pace  with 

iThe  Smithsonian  Institution  has  supported  a  table  at  the  Station  regularly  since 
1893.  The  Collegiate  Alumnte  have  begun  supporting  a  '' woman's  table''  in  com- 
memmoration  of  the  twenty-fifth  anniversary  of  the  Station.  During  some  years 
Colambia  University  has  had  a  table,  and  one  has  been  paid  for  at  intervals  by  a 
few  of  the  leading  American  universities  alone  or  in  conjunction  with  the  American 
Society  of  Naturalists. 
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the  income,  or  exceed  it,  although  the  officers  of  the  iostitution  work  for 
almost  nothing,  the  highest  salary  paid  being  less  than  $1,100  a  year. 

The  branch  of  activity  at  the  station  which  appeals  more  strongly 
to  the  public  than  do  the  scientific  investigations  is  the  preservation 
of  marine  animals,  particularly  invertebrates,  for  exhibition  in  museums 
and  for  purposes  of  study.  To  Cav.  Dr.  Salvatore  Lo  Bianco  is  due 
the.  major  part  of  the  credit  for  the  success  which  the  station  has 
had  in  this  line  of  work.  Beginning*  work  for  the  station  as  an 
attendant,  he  soon  showed  ])eculiar  ability  in  handling  the  animals 
which  were  obtained.  He  studied  their  habits,  anatomy,  and  composi- 
tion carefully,  and  made  many  experiments  to  determine  the  best 
method  of  killing  and  preparing  each  species,  so  that  it  would  present 
a  lifelike  appearance  in  the  exhibition  jar,  until  he  succeeded  in  obtain- 
ing the  beautiful  results  which  have  been  distributed  to  museums  and 
colleges  all  over  th^  world.  The  animals  which  are  intended  for  dis- 
section and  study  must  often  be  preserved  in  a  different  manner  from 
those  which  are  intended  for  exhibition,  and  in  this  line  of  work,  also, 
the  Naples  station  stands  preeminent.  An  investigator  may  even  send 
word  to  have  specimens  prepared  in  special  ways  of  his  own  devising, 
and  thus  save  himself  the  trouble  of  making  a  trip  to  Naples. 

One  reason  for  the  beautifiil  appearance  of  the  material  sent  out  by 
the  station  is  that  it  is  properly  caught  in  the  first  place;  another  is 
that,  for  the  most  part,  the  animals  are  alive  when  the  process  of  pres- 
ervation begins.  With  many  forms  it  is  indispensable  that  they  be 
alive  at  the  beginning  of  operations;  with  some  it  is  not  so  necessary, 
but  with  all  it  is  highly  desirable.  A  fish  which  has  been  put  into 
alcohol  after  death  looks  entirely  different  from  another  specimen  of 
the  same  species  which  has  been  put  into  the  fluid  when  still  alive. 
The  best  methods  have  been  determined  for  each  species  by  itself, 
different  species  of  the  same  genus  often  requiring  difi'erent  handling, 
hence  it  is  necessary  that  the  operator  should  be  able  to  recognize  the 
species  with  which  he  has  to  deal  in  order  to  obtain  the  best  results. 
When  new  species  are  encountered,  the  best  mode  of  precedure  must 
be  determined  by  experiment.  The  experience  of  the  Naples  station  has 
been  so  long  and  varied,  however,  that  a  knowledge  of  the  methods 
pursued  there  will  be  of  value  to  naturalists  all  over  the  world.  For 
this  reason  the  writer,  with  the  consent  of  Professor  Dohrn  and  the 
consent  and  cooperation  of  Dr.  Lo  Bianco,  has  undertaken  t  he  trans- 
lation of  the  latter^s  ^^Metodi  usati  nella  Stazione  Zoologica  per  la  con- 
servazione  degli  animal!  wariui,"^  incorporating  therewith  the  notes 
made  during  a  stay  of  five  weeks  at  the  station  in  the  autumn  of  1897 
for  the  express  purpose  of  studying  those  methods  for  the  benefit  of  the 
American  Museum  of  Natural  History.  It  is  to  be  understood  that  the 
methods  have  all  been  devised  by  Dr.  Lo  Bianco,  unless  otherwise  stated. 

Edmund  Otis  Hovby. 
New  York,  March,  1899. 
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THE  METHODS  EMPLOYED  AT  THE  NAPLES  ZOOLOGI- 
CAL STATION  FOR  THE  PRESERVATION  OF  MARINE 
ANIMALS. 


By  Dr.  Salvatore  Lo  Bianco. 

[Tnuulated  trom  the  ori^nal  Italian  by  Edmund  Otis  Hovey.] 


UTENSILS. 


The  laboratory  of  the  station  is  provided  with  large  tanks  containing 
running  and  stationary  sea  water,  a  table  covered  with  sheet  lead  and 
furnished  with  a  drain,  a  great  variety  of  glass  and  earthenware  dishes, 
and  tools  of  different  kinds  and  materials. 

Cylindrical  glass  jars,  with  glass  stoppers  ground  to  fit,  are  used  for 
exhibition  purposes  and  for  storage.  Those  with  necks  are  employed 
for  the  most  part,  but  those  without  necks  and  with  a  flat  top  are  pre- 
ferred for  elegant  installation.  Cylindrical  jars  are  the  most  economical 
of  fluid  and  are  the  cheapest  to  get.^  Since  glass  jars  are  expensive, 
earthenware  jars  and  basins  are  used  for  many  laboratory  manipula- 
tions. The  small,  globular  vessels  which  have  the  bottom  formed  by  a 
glass  stopper,  concave  within,  are  recommended  for  small  spherical 
animals.  Kound- bottomed  glass  tubes  are  very  useful,  but  care  must 
be  exercised  to  see  that  the  walls  are  not  too  thin.  The  edge  of  the 
orifice  should  be  smoothed  in  the  Buusen  flame.  When  the  tubes  are 
more  than  30  mm.  (1.2  inches)  in  diameter,  the  lip  should  be  flared  out 
so  that  a  piece  of  bladder  can  be  readily  tied  over  the  opening. 

Corks  should  be  selected  from  the  best  stock,  should  be  as  compact 
as  possible,  and  should  be  without  cracks  or  other  defects.  In  form 
they  should  be  cylindrical,  so  as  to  make  a  good  joint  -with  the  sides  of 
the  tube.  The  ends  must  be  flat,  with  clean  cut  edges,  so  that  no  frag- 
ments can  get  into  the  alcohol.  With  large  tubes  it  is  desirable  to  put 
a  plug  of  cotton  inside  the  tube  next  to  the  cork,  since  the  alcohol 
extracts  the  tannic  acid  from  the  cork  and  is  stained  brown  thereby. 


*  For  convenience  in  suapending  objects  in  the  liquid,  those  having  a  glass  hook 
in  the  under  side  of  the  stopper  should  be  obtained.  £.  O.  H. 
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To  preserve  small,  delicate  aDimals,  such  as  eggs  and  larvse,  it  is 
well  to  place  the  small  tube  containiug  the  objects  in  alcohol,  closed 
with  a  cotton  plug,  inside  a  larger  vessel,  which  is  likewise  filled  with 
alcohol.  This  arrangement  prevents  danger  from  evaporation  and 
minimizes  the  liability  to  breakage.  One  must  see,  however,  that  the 
cotton  contains  no  acids  and  does  not  stain  the  alcohol.  Absorbent 
cotton  is  the  most  suitable,  of  coufse,  but  the  best  quality  of  ordinary 
cotton  will  answer  every  purpose. 

For  large,  flat  objects,  such  as  Asterids,  Pleuronectids,  and  the  like, 
rectangular  jars  with  flat  sides  are  recommended.  These  jars  are  made 
to  be  closed  with  a  plate  of  glass,  cemented  on.  Guttapercha  cement 
is  generally  used.  Such  receptacles  have  the  great  advantage  that 
they  do  not  distort  the  view  of  the  object  within  them.  For  delicate 
forms,  which  are  long  and  stifl",  like  Funic^dinn^  glass  tubing  of  proper 
size,  cut  off  at  the  right  length,  is  used,  one  end  being  closed  in  the 
Bunsen  flame  and  the  other  with  a  cork. 

For  preliminary  manipulations  much  use  is  made  of  glass  crystallizing 
dishes  with  flat  bases  and  perpendicular  sides,  in  which  many  specimens 
can  be  placed  in  little  liquid  without  touching  or  interfenng  with  one 
another.  They  are  especially  advantageous  for  keeping  animals  alive 
in  sea  water,  letting  them  remain  at  rest  until  thoroughly  distended ; 
for  killing  by  different  methods,  either  slowly  or  quickly,  and  for 
hardening  objects  in  difl'erent  solutions  until  they  are  transferred  to 
permanent  receptacles.  These  crystallizing  dishes  have  ground  edges 
so  that  they  may  be  tightly  covered  with  disks  of  glass,  when  desirable. 
For  hardening  worms  and  other  elongated  animals  use  may  be  made  of 
long  rectangular  vessels  covered  with  a  sheet  of  glass,  or  of  the  zinc 
trays  to  be  described  later. 

It  is  also  necessary  to  have  a  number  of  ordinary  beakers  (or  battery 
jars)  of  different  sizes,  which  serve  for  the  preserving  of  animals  alive, 
tubes  for  the  reception  of  small  animals,  pipettes  for  the  extraction  of 
minute  forms  from  jars  of  water,  glass  rods,  reagent  bottles,  graduated 
cylinders,  etc. 

For  preserving  animals,  especially  flsh,  of  a  size  too  great  for  such 
glass  receptacles  as  have  been  mentioned,  a  rectangular  case  or  box  of 
zinc  with  a  shallow  trough  around  the  margin  is  very  useful.  The 
cover,  likewise  of  zinc,  has  its  edge  made  to  flt  into  the  trough.  To 
prevent  evaporation  the  trough  may  be  filled  with  water  and  a  layer  of 
oil.  The  cover  has  an  opening  in  the  middle  to  permit  the  escape  of 
the  air  which  is  compressed  under  it  by  closing  the  box.  This  opening 
is  provided  with  a  cork.  It  must  be  acknowledged  that  these  boxes 
have  the  disadvantage  that,  after  a  time,  the  zinc  becomes  corroded, 
probably  by  some  acid  formed  in  the  alcohol  through  the  action  of 
dead  animal  matter.  It  is  a  good  plan  to  protect  the  metal  box  by  an 
exterior  wooden  case. 

In  place  of  the  rectangular  vessels  of  glass  for  hardening  animals  of 
elongated  form,  the  station  uses  some  made  of  zinc  with  a  layer  of  wax 
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in  the  bottom.  The  wax  bottom  is  for  the  purpose  of  holding  the  wooden 
pins  used  in  straightening  out  worms  while  they  are  hardening.  Pins 
of  orange  or  other  hard  wood  are  preferable  to  those  of  metal,  because 
the  fixing  fluids  attack  metals.  A  convenient  size  for  such  a  tray  is 
60  by  6  by  G  cm.  (24  by  2J  by  2J  inches)  with  about  1  cm.  (one-haTf 
inch)  of  wax  in  the  bottom. 

For  the  transfer  of  objects  ftrom  one  receptacle  to  another  spatulas 
are  largely  used.  These  are  made  preferably  of  horn,  because  that 
material  is  not  attacked  by  the  reagents  in  use.  They  range  in  size 
from  6  mm.  (one-fourth  inch)  to  10  cm.  (4  inches)  in  width,  and  are  of  a 
convenient  length,  say  17.5  to  20  cm.  (7  or  8  inches). 

A  pair  of  soft  iron  forceps  30  cm.  (12  inches)  long  is  very  convenient 
for  taking  objects  out  of  deep  receptacles.  Iron  is  both  cheaper  and 
iust  as  good  as  brass  for  that  purpose.  Small  forceps,  wire  cutters, 
syringes,  and  so  on  are  used  at  times. 

The  apparatus  for  narcotizing  certain  Actinians  is  constructed  as  fol- 
lows: The  nose  of  a  pair  of  bellows  is  provided  with  a  metallic  bowl 
which  fits  over  the  metal  bowl  of  a  tobacco  pipe.  The  latter  is  pro- 
vided with  a  peg  which  fits  into  a  slot  in  the  bowl  on  the  bellows  and 
fastens  the  two  together.  The  tube  of  the  tobacco  pipe  is  continued 
with  a  piece  of  flexible  rubber  tubing  which  terminates  in  a  U-shaped 
piece  of  glass  tubing,  the  distal  end  of  which  has  been  drawn  out  to  a 
point.    With  this  apparatus  one  can  easily  force  smoke  into  a  receptacie. 

REAGENTS. 

Alcohol. — Without  doubt  the  most  indispensable  liquid  is  alcohol. 
For  the  i)reparation  and  preservation  of  delicate,  transparent  animals 
it  is  necessary  to  use  puritied  spirit  which  has  been  filtered  and  diluted 
withr  distilled  water.  For  coarser  animals  ordinary  alcohol  may  be 
used,  if  desired,  even  that  which  has  been  obtained  by  redistilling 
what  has  once  been  used  being  available,  care  being  exercised  to  see 
that  acids  and  alkalies  have  been  neutralized.  The  station  always  has 
on  band  a  quantity  of  alcohol  of  70  per  cent  strength,  which  is  what 
is  ordinarily  used  for  preserving  animals,  that  of  90  per  cent  being 
used  only  in  special  cases.  By  mixing  tlie  alcohol  and  water  somewhat 
in  advance  of  actual  need  one  avoids  the  innumerable  bubbles  of  air 
which  form  on  the  surface  of  an  animal  when  immersed  in  freshly 
dilated  alcohol.  Soft  or  gelatinous  animals  must  be  allowed  to  remain 
from  two  to  six  hours  in  alcohol  of  35  to  50  per  cent,  according  to  their 
consistency,  and  then  be  transferred  to  that  of  60  per  cent,  and  after- 
wards to  that  of  70  per  cent.  If  the  preparations  are  too  delicate  to 
bear  handling,  the  transfer  may  be  made  by  pouring  off  the  liquid  and 
adding  the  proper  amount  of  alcohol  to  make  a  35  per  cent  solution, 
continuing  the  process  until  the  standard  strength  is  attained.  When 
necessary  to  avoid  disturbing  the  animal  at  all  a  siphon  may  be  used 
in  effecting  the  transfer.  Frequently  it  is  necessary  to  change  the 
alcohol  after  a  few  days,  on  account  of  discoloration.    Some  forms  are 
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immersed  directly  in  70  per  cent  alcohol,  the  liquid  being  changed  after 
a  few  days.  Changes  should  be  made  until  the  alcohol  remains  color- 
less. When  an  animal  which  has  been  in  alcohol  is  transferred  to  that 
which  is  stronger,  it  is  necessary  to  agitate  the  jar  from  time  to  time  to 
avoid  the  formation  of  a  layer  of  weaker  alcohol  on  the  bottom. 

Many  liquids  have  been  tried  at  the  station  in  search  for  a  possible 
substitute  for  alcohol,  but  always  with  poor  results.  Some  liquids,  like 
those  of  Goadby  and  of  Owen,  when  used  on  gelatinous  forms,  eventu- 
ally produce  contraction  and  consequent  distortion.  Wickersheimer^s 
solution,  which  was  highly  praised  when  first  brought  out,  distorts  or 
macerates  marine  animals.  Alcohol  of  70  per  cent  is  preferable  for  the 
permanent  preservation  of  animals  for  the  reason  that  it  is  sufficiently 
absorbed  by  the  tissues  after  repeated  changes.  A  stronger  solution 
not  only  is  unnecessary  for  good  preservation  in  the  m%jority  of  cases, 
but  it  is  even  harmful  in  some,  because  it  eventually  hardens  the 
objects  too  much  and  renders  them  brittle.  Alcohol  is  useful,  further- 
more, for  narcotizing  animals  and  for  killing  them  slowly  or  quickly. 

Formalin  or  formaldehyde. — Formalin  is  a  very  useful  liquid  for  keep- 
ing animals  temporarily,  but  not  for  preserving  them  permanently. 
Some  pelagic  animals — for  example,  certain  MedusiB,  Pterotrachaidse, 
and  SalpidHb — may  remain  in  it  for  even  two  or  three  years  without 
serious  detriment,  but  if  they  are  not  transferred  to  alcohol  by  that 
time  they  begin  to  disintegrate  or  decompose.  Formalin  therefore 
may  be  used  on  a  voyage  or  a  long  journey  when  alcohol  is  scarce 
or  not  to  be  had.  As  a  ])rovisional  fluid  it  is  useful  for  many  other 
animals  which  are  not  contractile,  and  especially  for  those  which  con- 
tain no  lime  spicules,  skeleton,  or  shells.  Shell  bearing  mollusks, 
echinoderms,  and  such  things  can  not  be  preserved  in  formalin  on 
account  of  the  free  acid'  in  the  fluid,  which  attacks  the  calcareous  por- 
tions and  causes  them  to  lose  form  or  brilliancy,  or  both.  In  the  case 
of  large  animals,  such  as  fish,  one  must  make  an  injection  through  the 
anus  of  a  solution  of  at  least  5  per  cent  strength.  With  formalin,  as 
with  other  preservatives,  only  one,  or  at  any  rate  only  a  very  few, 
objects  should  be  put  into  the  same  receptacle  at  the  same  time,  and 
there  must  be  a  good  amount  of  fiuid  in  proportion  to  the  animal  mat 
ter  present.  For  gelatinous  animals  the  solution  should  be  of  1  to  4 
per  cent  strength.  Carmarina  and  similar  things  may  be  killed  and 
hardened  at  the  same  time  by  the  use  of  formalin  of  the  right  strength 
and  chromic  acid  of  1  per  cent  in  equal  parts.  For  animals  of  some 
consistency,  like  ascidians  and  fish,  one  should  use  a  2  to  6  per  cent 
formalin  solution,  the  general  rule  being  that  the  softer  the  animal 
the  weaker  the  formalin.  Either  fresh  or  salt  water  may  be  used  in 
making  the  solutions,  as  may  be  convenient.  The  sea  water  solution, 
indeed,  preserves  the  transparency  of  gelatinous  bodies  better  than  the 


'  It  is  said  by  the  advocates  of  the  use  of  formalin  that  this  free  acid  may  be 
neutralized  by  sodium  oarbouate  and  many  of  the  objections  to  the  flaid  thns 
removed.  K.  O.  H. 
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other.  It  is  not  necessary  to  wasb  objects  which  have  been  in  for- 
malin before  transferring  them  to  alcohol.  For  killing  and  hardening 
Rhizofttonia^  Tima^  and  some  other  animals  formalin  is  excellent,  and 
the  objects  may  remain  in  the  fluid  a  long  time  before  they  are  trans- 
ferred to  alcohol.  It  is  readily  perceived  that  the  contractile  animals, 
when  they  have  been  narcotized  by  one  of  the  usual  methods,  may  be 
temporarily  preserved  in  formalin  in  case  alcohol  is  lacking.  Colors 
certainly  are  preserved  for  a  longer  time  in  formalin  than  in  alcohol, 
but  in  time  those  which  are  fugitive  in  one  disappear  in  the  other  also. 
The  preservative  medium  has  not  yet  been  discovered  which  will  perma- 
nently preserve  the  colors  which  are  due  to  a  pigment  in  the  skin  or 
substance  of  an  animal. 

Chromic  acid. — Next  to  alcohol  an  aqueous  solution  of  chromic  acid 
is  the  most  useful  reagent,  and  it  serves  especially  for  killing  and  harden- 
ing gelatinous  and  soft  animals.  Objects,  liowever,  should  not  remain 
in  the  fluid  longer  than  is  necessary,  because  they  become  too  deeply 
tinged  and  are  rendered  fragile. 

After  treatment  with  the  acid  it  is  necessary  to  wash  the  animals 
with  fresh  water  to  avoid  the  formation  of  a  precipitate  when  they  are 
placed  in  alcohol.  If  they  are  not  well  washed,  they  will  acquire  in 
time  a  greenish  hue.  Chromic  acid  is  used  mixed  with  osmic,  acetic,  or 
picric  acid;  with  corrosive  sublimate  (HgCU),  and  rarely  with  alcohol. 
The  solutions  are  made  in  ordinary  fresh  water  when  ])ossible,  though 
occasionally  salt  water  may  be  used.  They  will  not  keep  long.  That 
which  has  served  once  may  be  used  again  if  it  will  not  be  too  dilute 
when  added  to  the  water  containing  the  animal  and  if  too  much  time 
has  not  elapsed.  When  the  solution  has  turned  green  after  standing 
it  is  not  fit  to  use. 

Acetic  dcid. — This  is  a  reagent  which  has  the  property  of  permeating 
tissues  instantly  and  hardening  them,  and  it  is  a  very  efficacious  means 
of  rapidly  killing  contractile  animals,  but  it  has  the  disadvantage  of  soft- 
ening them  again  if  they  remain  in  it  too  long  a  time.  Objects  remain 
relatively  transparent.  In  certain  cases  it  is  necessary  to  use  a  con- 
centrated solution  of  the  acid.  It  is  often  mixed  with  chromic  acid  for 
killing  and  hardening  noncontractile  transparent  animals. 

Osmic  add. — In  general,  osmic  acid  is  not  used  as  much  now  as 
formerly,  because  its  use  has  several  inconveniences.  Efforts  have 
been  made-  at  the  station  to  substitute  other  reagents  for  it,  and  in 
many  cases  they  have  been  successful.  It  hardens  gelatinous  forms 
well  and  preserves  the  transparency  sufficiently,  but  its  action  is  too 
great  eventually.  The  preparations  become  dark- colored  and  are  ren- 
dered fragile;  consequently  they  should  remain  only  until  they  have 
acquired  a  light  brown  tint.^    Before  they  are  transferred  to  alcohol 


'Dr.  Paul  Mayer's  method  for  bleaching  objects  which  have  been  too  much  black- 
ened is  not  practicable  for  soft  animals,  since  it  softens  them  too  much.  (Mitth.  Zool. 
Stat.  Neapel,  II,  1880,  p.  8. ) 
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they  should  be  washed  for  some  minutes  in  fresh  or  distilled  water,  as 
should  be  done  with  all  animals  which  have  been  treated  with  any 
mixture  containing  osmium. 

Kleinenberg's  liquid  ^  was  one  of  the  Arst  adopted  at  the  Zoological 
Station  for  the  preservation  of  marine  forms.  Since  it  presents  the 
disadvantage  of  staining  the  alcohol,  even  after  repeated  washings,  and 
of  not  hardening  the  animals  sufficiently,  its  use  has  been  given  up 
little  by  little,  until  now  it  is  confined  to  the  preparation  of  histological 
subjects,  with  the  single  exception  of  BalanoglossuSj  which  is  killed 
with  this  solution  for  exhibition  as  well  as  for  study. 

Lactic  acidj  in  a  solution  of  one  in  a  thousand  in  sea  water,  serves 
well  in  treating  larvie  and  small  gelatinous  organisms. 

Hydrochloric^  pyroligneousy  and  sulphuric  acids  are  used  rarely. 

Corrosive  sublimate,  recommended  first  by  A.  Lang,  is  much  used  as 
a  fixing  agent,  because  it  has  the  property  of  permeating  tissues  rapidly 
and  hardening  greatly.  It  is  used  in  concentrated  solution  in  fresh  or 
sea  water,  either  cold  or  hot.  In  manipulations  with  sublimate,  metal- 
lic implements  must  not  be  used,  because  they  decompose  the  solution 
and  stain  the  preparations.  The  solution  is  made,  when  possible,  with 
hot  water  for  economy  of  time,  and  in  vessels  of  glass  or  porcelain. 
Care  must  be  exercised  to  avoid  boiling  the  sublimate  in  open  vessels, 
and  not  to  inhale  the  vapors.  The  hands  must  not  be  immersed  in  the 
solution  if  they  have  on  them  open  cuts  or  sores. 

All  animals  which  have  been  prepared  with  this  reagent  can  be  used 
for  histological  researches.  Corrosive  sublimate  is  also  used  mixed  with 
acetic  or  chromic  acid  or  with  sulphate  of  copper.  Animals  which  have 
been  treated  with  corrosive  sublimate  must  be  washed  carefully  and 
thoroughly  in  fresh  water  before  they  are  placed  in  alcohol.  Add  a 
solution  of  iodine  drop  by  drop  until  the  alcohol  remains  permanently 
colored  thereby;  this  insures  the  entire  removal  of  crystals  of  corro- 
sive sublimate  from  the  substance  of  the  animal.  If  this  precaution  is 
not  taken,  the  mercury  will  be  reduced  from  the  corrosive  sublimate 
and  will  stain  the  animal  black,  forming  a  black  precipitate  on  the  sides 
and  bottom  of  the  vessel.  The  amount  of  iodine  to  be  used  depends 
upon  the  size  and  chanicter  of  animal  to  be  treated. 

Bichromate  of  potassium. — This  is  used  as  a  5  per  cent  solution  for 
slowly  hardening  gelatinous  animals  without  rendering  them  too  fragile, 
when  it  is  not  possible  to  work  with  chromic  acid.  On  account  of  the 
troublesome  precipitate  which  forms  when  objects  treated  with  bichro- 
mate are  transferred  to  alcohol,  the  use  of  this  reagent  is  not  recom- 
mended. For  bleaching  the  preparations  before  they  are  put  into 
alcohol,  use  a  few  drops  of  concentrated  sulphuric  acid. 

Sulphate  of  copper. — This  is  used  only  in  solutions  from  5  per  cent  to 
10  per  cent  strength,  which  are  made  with  hot  fresh  water,  and  used 


1  Kleinenberg'H  liquid  is  made  by  mlxiug  100  c.  o.  of  a  8aturate<l  aqueoas  eolation 
picric  acid  with  2  c.  c.  of  concentrated  sulphuric  acid.  Filter  and  add  three  voi- 
les of  distilled  water. 


[13]        THE    PRESERVATION    OP   MARINE    ANIMALS HOVEY. 

alone  or  mixed  with  corrosive  sublimate  for  killing  larvae  and  delicate 
animals.  The  objects  which  have  been  treated  with  this  reagent  must 
be  washed  repeatedly  with  water  or  else  they  will  not  remain  perfectly 
clear^  owing  to  the  formation  of  crystals  within  the  tissues,  which  ren- 
der them  opaque.  If  they  afterwards  prove  to  have  been  washed  too 
little,  the  objects  should  be  treated  several  times  with  an  acid. 

Chloral  hydrate. — ^This  is  used  in  very  weak  solution,  from  0.1  to  0.2 
of  1  per  cent  made  fresh  in  sea  water,  for  narcotizing  several  forms 
before  fixing  them.  This  method  has  the  advantage  that,  if  the  animal 
after  a  certain  time  does  not  remain  in  the  condition  desired  for  pres- 
ervation, it  can  be  replaced  in  sea  water,  where  it  will  regain  power  of 
motion  and  continue  to  live.  It  is  used  for  killing  animals  which  live 
in  the  crevices  of  a  rock,  in  incrust-ations  of  calcareous  algse,  and 
among  colonies  of  serpulas  and  of  madrepores.  Such  must  be  allowed 
to  remain  in  the  solution  from  six  to  twelve  hours.  It  is  not  necessary 
to  use  a  fine  quality  of  the  drug. 

Cocaine. — A  solution  of  cocaine  is  made  by  dissolving  2  grams  of  the 
powder  in  100  cubic  centimeters  of  50  per  cent  alcohol.  This  is  a  most 
excellent  narcotizing  medium,  but  its  high  cost  prevents  its  extensive 
use.  It  is  the  best  reagent  thus  far  discovered  for  the  treatment  of 
gastropods.  A  few  drops  are  carefully  distributed  over  the  surface  of 
the  water  containing  the  animals,  and  the  operation  is  repeated  until 
the  animals  cease  to  respond  to  any  stimulus. 

Other  reagents  that  are  used  occasionally  are  chloroform,  ether,  and 
tificture  of  iodine. 

Mixtures  frequently  used. 

Alcohol  of  70  per  cent  and  chromic  acid  of  1  per  cent  in  equal  parte. 

Alcohol  of  50  per  cent cahic  centimeters. .  100 

Hydrochloric  acid  (concentrated) do 5 

Alcohol  of  35  per  cent  or  of  70  per  cent do 100 

Alcoholic  tincture  of  iodine do 2. 5 

Alcoholized  sea  water: 

Sea  water   do 100 

Absolute  alcohol do 3 

Chrom-acetic  mixture  No.  1 : 

Chromic  acid  of  1  per  cent do 100 

Concentrated  acetic  acid do 5 

Chrom-acetic  mixture  No.  2 : 

Chromic  acid  of  1  per  cent do 10 

Concentrated  acetic  acid do 100 

Chrom-osmic  mixture : 

Chromic  acid  of  1  per  cent do 100 

Oemic  acid  of  1  per  cent do 2 

Chrom- picric  mixture: 

Chromic  acid  of  1  per  cent do 50 

Kleinenberg's  solution do 50 

Sulphate  of  copper,  solution  of  10  per  cent  Htrength do 100 

Corrosive  sublimate,  saturated  solution do 10 
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Potassium  bichromate,  5  per  cent  solution cubic  centimeters . .   100 

Osmic  acid,  1  pev  cent  solution do 2 

Corrosive  sublimate,  saturated  solution do 100 

Acetic  acid,  concentrated do 50 

Corrosive  sublimate,  saturated  solution do 100 

Chromic  acid  of  1  per  cent do 50 

Kleinen  berg's  solution : 

Picric  acid,  saturated  solution do 100 

Concentrated  sulphuric  acid do 2 

Filter  and  add  three  times  the  volume  of  distilled  water. 

Flemming's  solution : 

Chromic  acid  of  1  per  cent do 25 

Osmic  acid  of  1  per  cent do 10 

Acetic  acid  (glacial) do 5 

Distilled  water , do 60 

Perenyi*s  solution : 

Nitric  acid  of  10  per  cent do 40 

Chromic  acid  of  |  per  cent do 30 

Alcohol  of  90  per  cent do 30 

Miiller's  solution : 

Potassium  bichromate grams. .  2 

Sodium  sulphate do 1 

Distilled  water cubic  centimeters. .  100 

Formalin  solution  (standard) : 

Commercial  formalin  40  per  cent do 10 

Water do 90 

METHODS  OF  PREPARATION  AND  PRESERVATION. 

PROTOZOA. 

Protozoa  are  so  small  for  the  most  part  as  to  be  invisible  to  the 
unaided  eye,  and  their  preparation  therefore  comes  within  the  field 
of  the  microscopist,  for  which  reason  only  the  larger  species  will  be 
mentioned  here.  Certain  Gregarinas  which  occnr  as  parasites  in  the 
intestinal  nucleus  of  Salpa  maxima-africana  are  best  preserved  with 
Kleinenberg's  solution,  where  they  may  remain  for  about  an  hour  before 
they  are  transferred  to  weak  alcohol. 

RADIOLARIA. 

Thalassicolla  is  well  fixed  in  chromic  acid  of  J  of  1  per  cent,  where  it 
may  remain  about  an  hour  and  then  be  transferred  gradually  to  alcohol 
of  70  per  cent. 

Aulacanthidse  and  Acanthometrse  are  placed  directly  in  50  per  cent 
alcohol,  and  after  a  few  hours  are  transferred  to  that  of  70  per  cent. 
Good  preparations  have  also  been  made  by  dropping  a  few  drops  of  1 
per  cent  osmic  acid  into  the  sea  water  containing  the  animals  and  then 
transferring  them  to  alcohol  after  washing  them  in  fresh  water.  Excel- 
lent microscopic  preparations  of  some  of  these  species  of  minute  pelagic 
organisms  have  been  made  by  a  treatment  with  a  saturated  solution  of 
corrosive  sublimate. 
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SphcerozoidcB.^ — The  different  species  of  the  genera  Sphcerozoum  and 
Collozoumy  which  have  spherical  or  cylindrical  form,  are  fixed  in  iodin- 
ized  alcohol  of  35  per  cent,  where  they  should  remain  from  fifteen  min- 
ates  to  about  an  hour.  The  vessel  containing  them  should  be  shaken 
from  time  to  time,  because  the  animals  flatten  out  if  they  are  allowed 
to  remain  too  long  on  the  bottom.  If  it  is  desired  to  prepare  a  large 
number  at  one  time,  it  is  necessary  to  put  the  fixing  liquid  into  a  crystal- 
lizing dish  of  ample  size,  for  convenience  in  manipulation.  After  a 
sufficient  time  they  are  transferred  to  alcohol  of  35  per  cent,  where 
they  can  remain  a  few  hours.  The  change  is  effected  by  transporting 
the  colonies  with  a  spatula  to  another  crystallizing  dish  of  the  same 
size  without  allowing  the  animals  to  be  without  liq<uid.  In  the  same 
manner  they  are  transferred  to  alcohol  of  50  per  cent,  and  after  twelve 
hours  to  that  of  70  per  cent,  and  the  last  should  be  renewed  after 
twenty-four  hours.  In  this  manner  colorless  preparations  are  obtained 
which  can  also  serve  for  histological  studies.  Osmic  acid  is  not  recom- 
mended, because  it  darkens  the  preparations  too  much. 

In  colonies  of  Sphcerozoum  with  isosi)oric  structure  the  shape  is  not 
fixed  with  iodinized  alcohol,  and  it  is  necessary  to  use  saturated  subli- 
mate. The  genera  Myxosphoera^  Acrosphwray  and  Collosphcera  are  killed 
in  chromic  acid  of  1  per  cent,  to  which  a  few  drops  of  osmic  acid  have 
been  added,  using  the  same  form  of  receptacle  and  the  same  precau- 
tions mentioned  under  Collozoum,  After  from  half  an  hour  to  an  hour 
the  acid  solution  should  be  poured  off  and  fresh  water  substituted  for 
washing,  but  great  care  must  be  exercised  not  to  break  the  colonies. 
Then  the  objects  are  gradually  transferred  to  alcohol. 

Acinetidce. — Trichophrya  salparum  has  yielded  beautiful  microscopi- 
cal preparations  when  treated  with  concentrated  sublimate  in  sea 
water.  With  Acineta  foetidaj  which  usually  lives  among  hydroids,  bet- 
ter results  can  be  obtained  with  osmic  acid. 

Vorticellidce. — The  colonies  of  Zoothamnium  are  best  killed  with  boil- 
ing saturated  sublimate. 

PORIFERA. 

For  sponges  which  are  to  be  used  for  exhibition,  it  is  enough  to 
immerse  them  directly  in  70  per  cent  alcohol,  renewing  it  when  it 
[  becomes  discolored.  To  avoid  the  contraction  of  Halisarcid8B,  they 
should  be  fixed  in  chromic  acid  of  I  per  cent  for  about  half  an  hour, 
or  in  saturated  sublimate  for  fifteen  minutes.  ^  Those  sponges  which 
are  to  serve  for  study,  if  they  are  not  too  large — that  is,  if  they  are  not 
Qiore  than  10  cm.  (4  inches)  in  diameter — are  immersed  in  90  per  cent 
alcohol  or  in  absolute  alcohol,  which  should  be  renewed  after  three  or 
four  hours,  and  again  after  twenty-four  to  forty-eight  hours.    If  the 

'These  methods  are  described  in  fall  by  K.  Brandt  on  pp.  7-11  of  his  monograph : 
^e  Koloniebildenden  Radiolarien  (SphsprozoTen)  des  Golfes  von  Neapel,  in  Fauna 
Hora  Golf  Neapel,  XIII,  Monograph,  1885. 


BULLETIN   39,  UNITED   STATES   NATIONAL   MUSEUM  [16] 

specimens  are  too  large,  small  pieces  may  be  cat  off  and  treated  in  this 
manner. 

If  they  are  to  be  dried,  they  should  be  washed  first  ii:  fresh  water  for 
a  few  hoars,  then  they  shoald  lie  for  aboat  a  day  in  ordinary  alcohol, 
and  then  be  placed  in  the  air  or  in  the  san.  If  treated  in  this  way, 
they  will  not  have  an  offensive  odor.  If  it  is  desired  to  retain  the  rosy 
color  of  certain  sponges  (SuberiteSj  Axinella)  for  several  days,  it  is 
enongh  to  place  them  in  40  per  cent  alcohol  and  not  change  it. 

ANTHOZOA. 

The  first  thing  to  be  done  when  an  Anthozoan  has  been  caaght  is  to 
place  it  in  a  receptacle  with  fresh  sea  water.  It  always  happens  that 
these  animals,  when  disturbed  by  the  fishing  apparatus  or  transporta- 
tion, contract  or  withdraw  into  themselves  completely.  To  cause  them 
to  expand,  it  is  enough  t<>  let  them  remain  in  ajar  with  pure  sea  water, 
although  it  may  be  necessary  to  keep  them  for  a  longer  or  shorter  time 
in  running  water.  Many  times  it  has  been  noticed  that  the  water  soon 
becomes  bad  if  it  is  not  changed. 

The  following  methods,  especially  that  with  the  chrom-acetic  mixture 
No.  2,  a**e  used  for  preserving  animals  for  museums  and  to  some  extent 
for  the  study  of  gross  anatomy. 

Since  all  the  Alcyonarians  contain  minute  calcareous  spicules  which 
furnish  the  specific  characters,  they  should  remain  in  the  acid  mixture 
as  short  a  time  as  possible  so  that  the  acid  may  not  attack  the  spicules. 

In  those  cases  in  which  cbrom-acetic  mixture  No.  2  has  not  given 
good  results,  a  mixture  of  sublimate  and  acetic  acid  may  be  employed, 
but  always  for  the  killing  alone.  The  animals  should  be  transferred 
quickly  to  weak  alcohol. 

A  method  used  by  G.  von  Koch  is  quickly  to  immerse  the  distended 
animals  in  absolute  alcohol  or  that  of  90  per  cent,  making  an  injection 
of  the  same  afterwards  into  the  interior  of  the  animal. 

When  the  colonies  of  Cornulariay  Clavvlarioj  Rhizoxenta^  and  Sym- 
podium  have  become  expanded,  siphon  off  the  water  in  the  receptacle 
until  only  enough  remains  to  cover  them.  This  operation  should  be 
performed  with  great  care  to  avoid  any  shock  which  could  cause  the 
retraction  of  the  tentacles.  Then  pour  rapidly  into  the  jar  a  volume 
of  chrom-acetic  No.  2  double  that  of  the  water  in  which  the  animals 
remain,  and  immediately  afterwards  transfer  them  to  alcohol  of  from 
35  to  50  per  cent,  giving  the  preparation  a  few  gentle  shakes  to  free  the 
tentacles  and  dispose* them  in  natural  manner.  Another  good  methoil 
of  killing  is  with  hot  saturated  sublimate,  using  the  same  proportions 
as  of  the  chrom-acetic  mixture,  and  washing  the  animals  when  scarcely 
dead  in  fresh  water  before  the  transfer  to  weak  alcohol. 

The  large  ^^'^onttem  is  treated  in  the  following  manner:  After  the 
rapid  bath  in  chrom-acetic  No.  2  it  is  suspended,  scarcely  dead,  in  ajar 
containing  weak  alcohol  in  such  a  way  that  its  tentacles  do  not  touch  the 


[17]        THE    PRESERVATION   OF    MARINE   ANIMALS HOVEY. 

walls  of  the  jar,  and  if  the  polyps  reiuain  well  diateuded,  the  change 
to  the  different  grades  of  alcohol  then  goes  forward  very  gradually. 
In  the  weak  alcohol  minute  bnbbles  of  air  frequently  form  and  attach 
themselves  to  the  tentacles,  giving  them  a  tendency  to  float  and  thus 
causing  distortion.  Striking  the  sides  of  the  receptacle  with  light 
blows  will  rid  the  tentacles  of  the  bubbles. 

Pennatula  phosphorea  and  Kophobelemnon^  when  they  have  become 
well  distended,  are  taken  by  the  naked  base  and  very  swiftly  immersed 
in  a  tall,  cylindrical  jar  containing  the  chrom-acetic  mixture  No.  2,  and 
after  a  few  seconds  are  placed  in  a  crystallizing  dish  containing  50  per 
cent  alcohol,  where  they  are  allowed  to  rest  on  their  backs.  Then  with 
a  small  syringe  with  a  very  fine  point  inject  alcohol  into  them  through 
a  minute  hole  made  in  the  extremity  of  the  base.  In  this  manner  the 
alcohol  penetrates  to  all  parts  of  the  interior  and  distends  the  polyps. 
Tie  a  thread  around  the  end  of  the  base  above  the  hole  which  was 
made  so  that  the  escape  of  the  alcohol  may  be  prevented.  After  some 
hours  the  animals  should  be  transferred  to  70  per  cent  alcohol,  and  in 
the  final  receptacle  Kophohelemnon  should  be  suspended  upside  down  by 
means  of  a  glass  float  with  a  hook  in  it. 

Pennatula  ruhra^  Pteroides  spinulosus^  Yeretillum^  and  Funiadina 
are  killed  like  the  Pennatulids  just  mentioned,  but  no  injection  is  made 
after  the  transfer  to  weak  alcohol.  Soft  forms  like  Veretillum  should 
be  suspended  in  the  final  receptacle.  Small  forms  of  the  Pennatulids 
may  be  killed  without  removing  them  from  the  vessel  in  which  they 
have  become  distended,  and  they  are  then  treated  like  the  Gornularians. 

Oorgoniay  Oorgonella^  Primnoa^  Muricea^  IsiSj  etc.,  should  be  killed 
with  chrom-acetic  mixture  No.  2  in  the  same  dish  in  which  they  have 
become  distended  on  account  of  the  great  sensitiveness  of  their  polyps. 
It  is  always  advisable  to  have  as  little  water  as  possible  in  the  dish  at 
the  time  of  killing  these  animals,  and  to  pour  over  them  a  volume  of 
the  mixture  twice  as  great  as  that  of  the  water  in  which  they  are. 
Several  times  it  has  been  noted  at  the  station  that  the  GorgonidsB 
which  have  expanded  in  sea  water  which  has  begun  to  turn  bad  are 
those  which  have  given  the  better  preparations.  The  small  colonies,  or 
pieces  of  colonies,  remain  with  their  polyps  distended  if  they  are  killed 
with  boiling  saturated  sublimate.  Isis  may  be  well  preserved  by 
using  a  mixture  of  sublimate  and  acetic  acid. 

Corallium  rubrum,  after  it  has  been  allowed  to  expand  in  running 
sea  water,  should  be  killed  with  boiling  saturated  sublimate  solution 
(half  as  much  as  the  water  containing  the  coral),  and  quickly  transferred 
to  weak  alcohol.  By  this  method  the  color  is  almost  perfectly  preserved, 
while  by  the  use  of  the  chrom-acetic  mixture  it  is  very  much  injured. 
The  alcohol  which  has  been  used  for  this  coral  can  not  well  be  used 
afterwards  for  the  preparation  of  any  delicate  organism.  A  colony  of 
Antipathes  which  was  placed  in  such  alcohol  was  dyed  red  withm  twenty- 
four  hours. 
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ZOANTHARIA. 


All  the  species  of  Antipathes  are  fixed  with  saturated  sublimate,  and, 
on  account  of  the  slight  contractility  of  the  polyps,  their  preparation 
always  succeeds.  The  saturated  sublimate,  which  is  used  cold,  should 
be  of  the  same  volame  as  the  water  containing  the  animals. 

ACTINIARIA. 

The  preparation  of  this  group  is  very  difficult,  the  great  contractility 
and  resistance  of  the  muscular  system  of  the  majority  of  the  species 
frequently  constituting  insurmountable  obstacles  to  success.  Many 
times  when  it  is  thought  that  the  animal  has  been  deprived  of  any  sen- 
sitiveness, immersion  in  a  reagent  of  rapid  action  is  sufficient  to  show 
sudden  and  surprising  contraction  of  the  tentacles  and  of  the  whole 
body.  When  several  specimens  of  certain  forms  are  treated  with  the 
same  method  and  under  the  same  conditions,  some  die  distended  and 
the  rest  contracted.  Good  results  depend,  in  some  cases,  on  circum- 
stances which,  up  to  the  present  time,  are  wholly  unknown.  After  all, 
however,  there  are  many  species  with  which  perfect  results  can  be 
attained,  if  great  care  be  exercised  in  the  manipulations. 

Anemonia  sulcata  (Anthea  cereus)  is  the  easiest  to  prepare.  When 
well  distended  in  running  water,  the  animals  are  killed  with  the  chrom 
picric  solution,  used  in  volume  equal  to  that  of  the  water  in  which  they 
are.  This  should  be  rapidly  poured  into  the  jar  containing  the  Actinian, 
after  as  much  of  the  water  therein  has  been  poured  off  as  may  be  and 
leave  the  animal  immersed.  A  solution  which  is  now  much  used  instead 
of  the  chrom-picric  mixture  just  mentioned  is  made  of — 

Chromic  acid,  of  1  per  cent 1  pvt 

Saturated  solution  picric  acid 1  part 

Formalin,  of  4  per  cent 1  part 

When  the  animals  die,  they  will  fall  from  the  sides  of  the  glass,  and 
they  should  then  be  transferred  to  another  jar  containing  chromic  acid 
of  one-half  per  cent,  where  they  should  be  suspended  upside  down  by 
means  of  a  glass  float,  the  hook  of  which  has  been  passed  through  the 
lower  rim  of  the  body.  The  animals  should  be  gently  shaken  to  give 
the  tentacles  a  natural  position.  After  half  an  hour  they  are  placed  in 
weak  alcohol,  and  then  gradually  transferred  to  that  of  70  per  cent 
It  is  a  good  plan  to  suspend  the  animals  upside  down  by  means  of  a 
float  in  the  final  receptacle,  though  it  is  hardly  worth  while  to  do  this 
for  the  smaller  specimens. 

The  following  Actinians  maybe  killed  with  boiling  saturated* sub- 
limate: Uloactis,  Sagartia  dohrnij  ParanthtiSy  Goryna4}ti8^  and  small 
specimens  of  Aiptasia,  Before  they  are  transferred  to  alcohol,  the 
animals  should  be  allowed  to  harden  for  some  minutes  in  chromic  acid 
of  one-half  per  cent. 

When  ffeliactis  helliSj  Bunodes  gemma>€eusj  and  B,  rigidus  are  well  dis- 
tended, two-thirds  of  the  sea  water  in  the  jar  containing  them  should 
be  removed  and  its  place  filled  by  a  chloral  hydrate  solution  0.2  of  1 
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per  cent.  After  a  few  minutes  this  liquid  should  be  poured  off  until 
there  is  barely  euough  in  the  jar  to  cover  the  animals,  which  should 
then  be  killed  with  cold  saturated  sublimate. 

Adamsia  rondeleti  is  narcotized  with  tobacco  smoke  in  the  following 
manner :  Eemove  the  hermit  crabs  from  the  shells  on  which  the 
actinias  are  growing  and  kill  them  in  firesh  water.  Suspend  the  shells 
by  threads  in  beakers  of  sea  water  in  which  the  actinias  will  have 
ample  room  for  expansion.  The  thread  may  be  wound  around  the 
shell  or  passed  through  a  hole  in  it  and  then  tied  over  a  stick  of  wood 
which  rests  on  the  edge  of  the  beaker.  Place  one  or  more  of  the 
beakers  in  a  shallow  tray  (preferably  with  flat  bottom  and  perpendicu- 
lar sides)  containing  a  little  water  and  cover  with  a  bell  glass.  Fill 
the  bell  glass  by  means  of  the  bellows  and  pipe  described  on  page  9, 
being  careful  at  the  same  time  to  insert  a  U-shaped  piece  of  glass  tub- 
ing under  the  edge  of  the  bell  glass  to  permit  the  escape  of  the  confined 
air  as  the  smoke  is  forced  in.  Avoid  jarring  the  glasses  containing  the 
actinias. 

To  regulate  properly  the  duration  of  the  whole  operation  it  is  neces- 
sary that  the  first  fumigation  should  be  made  about  2  o'clock  in  the 
afternoon.  Little  by  little  the  smoke  clears  up  and  the  water  begins 
to  absorb  the  narcotizing  substances  contained  therein  and  the  animals 
for  the  most  part  distend  the  corona  of  tentacles.  About  5  o'clock  a 
second  fumigation  like  the  first  should  be  made,  and  the  objects  are 
allowed  then  to  remain  overnight.  The  following  morning  carefully 
remove  the  bell  jar  and  touch  the  tentacles  with  a  needle  to  learn  in 
what  condition  of  sensibility  they  are.  If  they  do  not  contract  under 
this  stimulus,  place  a  small  open  beaker  containing  a  few  cubic  centi- 
meters of  chloroform  beside  the  jar  containing  the  actinia  and  replace 
the  bell  jar,  allowing  the  fumes  of  the  chloroform  to  work  for  two  or 
three  hours.  Lastly  the  animals  are  killed  in  the  chrom-acetic  mixture 
No.  2,  hardened  with  chromic  acid  of  one-half  per  ceut  and  placed  in 
weak  alcohol  and  so  on,  where  they  are  to  remain  suspended.  If  the 
tentacles  give  signs  of  sensitiveness,  make  a  third  fumigation  and 
after  a  few  hours  test  again.  This  is  the  only  method  which  has 
proved  successful  in  obtaining  specimens  with  the  column  well  dis- 
tended and  with  the  disk  and  tentacles  in  full  expansion.  Cold 
weather  retards  this  and  other  narcotizing  processes  in  a  very  marked 
degree. 

Adamsia  palliata  can  be  prepared  in  the  same  manner  without  sus- 
pension. Good  results  have  also  been  obtained  by  narcotizing  the 
animal  slowly  with  alcoholized  sea  water  and  then  killing  with  the 
chrom-acetic  mixture  No.  2,  or  with  hot  saturated  sublimate. 

Cladactis,  CereactiSy  and  the  little  Bunodeopsis  strumosa  are  killed  with 
the  chrom-acetic  mixture  No.  2,  and  immediately  afterwards  hardened 
in  chromic  acid  of  1  per  cent.  The  first  two  should  be  suspended  in 
the  hardening  and  the  preserving  fluids  by  means  of  a  glass  float,  the 
hook  of  which  has  been  passed  through  the  margin  of  the  base.    Before 
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beginning  operations,  see  that  the  specimens  of  Glad€Lctis  and  Cereaetu 
are  perfectly  sound  and  especially  that  they  are  not  torn  or  cat,  other- 
wise when  they  are  placed  in  alcohol  the  liquid  contents  of  the  body 
will  exude  through  the  rents.  Large  specimens  of  Cerianthus  are  fixed 
with  acetic  acid  and  immediately  afterwards  are  suspended  in  weak 
alcohol  by  means  of  a  thread  fastened  around  the  column  near  the 
base.  A  few  gentle  shakes  may  be  needed  to  adjust  the  tentacles.  It 
is  not  necessary  to  suspend  the  small  specimens. 

Actinia  equina  and  A.  cari  are  treated  with  bolHng  mixture  of 
sublimate  and  acetic  acid,  followed  by  chromic  acid  of  one-half  of  1  per 
cent  for  hardening.  Frequently  success  has  been  attained  with  the 
first  of  these  species  by  lifting  it  gently  with  a  spatula  from  the  beaker 
in  which  it  is  expanded  and  immersing  it  in  a  saturated  solution  of 
sublimate. 

Edtcardsia  is  slowly  narcotized  by  dropping  from  tim(^  to  time  a  few 
drops  of  70  per  cent  alcohol  into  the  sea  water  in  which  it  is.  It  is 
then  killed  with  hot  saturated  sublimate.  Success  depends  upon  the 
complete  loss  of  sensitiveness,  which  may  be  tested  by  touching  the 
tentacles  with  a  needle  point. 

Certain  species  of  Polythoa  are  very  difficult  to  prepare.  Even  with 
reagents  of  rapid  action  they  will  have  the  body  well  distended  and 
often  only  a  portion  of  the  tentacles  outside  the  disk.  One  species 
which  lives  in  sponges  and  among  calcareous  algse  (probably  a  variety 
of  P.  aadnellce)  is  prepared  very  saccessfully  with  boiling  saturated 
sublimate. 

Larvfe  of  the  Actinians  are  killed  with  saturated  sublimate  or  with 
chrom-acetic  No.  2. 

MAI>RKPORARIA. 

Astroides  calyoularis  is  allowed  to  remain  overnight  in  a  beaker 
filled  with  clear  sea  water.  The  following  morning  usually  shows  the 
polyps  in  full  distension.  Then,  after  turning  off  a  portion  of  the 
water  (enough  to  leave  the  animals  barely  covered),  kill  them  with  a 
solution  of  boiling  sublimate  and  acetic  acid  in  volume  equal  to  that  of 
the  sea  water,  and  immediately  afterwards  transfer  the  colony  to  3.1  |>er 
cent  alcohol,  making  an  injection  of  the  alcohol  into  each  polyp  to  keep 
it  well  distended.  At  each  change  of  alcohol  up  to  70  |)er  cent  make  a 
similar  injection,  and  be  sure  to  test  the  final  solution  with  tincture  of 
iodine  to  see  that  the  sublimate  has  been  eliminated. 

Caryophyllia,  Dendrophylliay  and  Cladocora  are  fixed  with  boiling 
saturated  sublimate,  but  it  is  very  difficult  to  prepare  them  with  the 
polyps  in  perfect  expansion  on  account  of  their  great  contractility  and 
also  by  reason  of  the  extreme  delicacy  of  their  walls. 

HYDROMEDU8/1-:. 

The  Hydromedusa*  in  general  are  very  delicate  forms,  which  are 
easily  injured  and  which  quickly  dex*x)mi>ose,  hence  it  is  necessary  to 
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proceed  with  their  preparation  as  soon  as  possible  after  they  have  been 
taken  from  the  sea.  Certain  OampanularidaB  in  particuhir,  such  as 
Aglaophenia,  Plumularia^  Sertulariaj  and  the  like,  which  live  in  deep 
water,  almost  always  arrive  at  the  laboratory  in  a  damaged  condition 
or  dead.  They  are  more  easily  injured  than  other  forms  by  the  dredge, 
the  bottom  net,  or  other  fishing  apparatus.  The  best  plan  to  follow 
with  such  specimens  is  to  put  them  directly  into  alcohol,  to  preserve 
the  perisarc  at  least.  To  treat  the  animals  perfectly,  they  must  be 
attended  to  on  shipboard  as  soon  as  caught. 

Other  forms  which  live  at  less  depth,  and  which  can  be  fished  by 
using  every  precaution  against  injuring  tbem,  must  be  handled  with 
great  rapidity,  otherwise,  after  a  short  time,  the  polyps  become 
retracted,  and  it  is  very  difficult  to  kill  them  in  an  expanded  state. 
In  general,  these  forms  are  more  contractile  than  the  Tubularidae. 

All  the  Hydroidea — that  is  to  say,  the  permanently  polypoid  forms, 
with  very  rare  exceptions — are  killed  with  hot  saturated  sublimate.  If 
the  iiolyps  are  not  in  complete  expansion  when  received,  the  colonies 
should  be  allowed  to  expand  in  beakers  of  fresh  sea  water.  As  soon  as 
the  fixing  fluid  has  been  poured  over  tbe  animals  the  whole  should  be 
turned  into  a  crystallizing  dish,  containing  fresh  water,  to  cool ;  then  the 
animals  should  be  removed  to  another  dish  of  fresh  water  for  washing, 
and  after  five  minutes  to  weak  alcohol  (50  per  cent).  If  it  is  desired 
to  avoid  the  heating  of  the  liquid,  cold  sublimate  can  be  used,  but  only 
for  tbe  Tubularidae. 

Large  colonies  of  Ttibularia  and  Pentiaria  are  killed  with  the  mixture 
of  sublimate  and  chromic  acid  in  volume  equal  to  that  of  the  water  in 
which  they  are,  and  after  a  few  minutes  they  are  washed  and  removed 
to  alcohol.  Antennularia  may  be  killed  in  cold  sublimate,  washed  in 
firesh  water,  and  placed  in  50  per  cent  alcohol,  and  so  on. 

MKDU8A  FORMS  OK   THE   TUBULARIDitC. 

The  small  forms,  Eleutheria  (Clavatella)^  Cladonenia^  PoddcorynCj  and 
the  like,  are  killed  with  the  mixture  of  sublimate  and  acetic  acid,  used 
in  large  proportion.  Eleutheria  may  be  killed  with  Kleinenberg's 
solution. 

lAzzia  kcellikeri  and  Oceania  pileata^  as  soon  as  the  tentacles  have 
become  well  distended,  are  killed  with  concentrated  acetic  acid  and 
immediately  poured  into  a  tube  containing  the  mixture  of  alcohol  and 
chromic  acid.  By  gently  agitating  the  tube  the  animal  regains  its 
normal  form.  After  remaining  in  the  mixture  about  fifteen  minutes  it 
is  placed  in  35  per  cent  alcohol,  and  then  gradually  transferred  to  that 
of  70  per  cent.  Another  and  perhaps  better  way  of  handling  these 
forms  is  to  allow  them  to  expand  in  a  specimen  tube  less  than  half  full 
of  water,  and  when  they  are  well  distended  to  fill  the  tube  with  acetic 
acid.  Transfer  them  at  once  by  pouring  into  the  tube  containing  the 
mixture  of  alcohol  and  chromic  acid.  A  few  minutes  later  pour  out  a 
small  portion  of  the  liquid  in  the  tube  and  add  chromic  acid,  because 
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considerable  water  will  have  gone  over  with  the  animals.  After  fifteen 
minutes  wash  in  fresh  water  and  transfer  to  35  per  cent  alcohol.  Still 
another  method  is  to  use  the  chromosmic  acid  mixture  as  a  hardening 
medium,  but  the  animals  do  not  remain  as  transparent  and  the  tentacles 
are  somewhat  contracted. 

During  the  hardening  process,  especially  when  many  of  the  medusae 
are  treated  at  the  same  time,  the  tube  should  be  held  iu  a  horizontal 
position  in  such  a  way  that  the  bells  are  down  on  the  side  of  the  tube 
and  the  animals  not  in  contact.  For  the  final  preservation  of  certain 
forms  (like  Lizzia)  place  them  in  alcohol  in  a  small  tube,  separating 
the  individuals  by  wads  of  cotton,  and  put  this  into  the  exhibition  jar. 

Oceania  conica  and  Tiara  pileata  are  narcotized  in  alcoholized  sea 
water  (3  per  cent)  and  then  treated  like  the  preceding. 

MEDUSA  FORMS  OF   THB   CAMPANULARIDiE. 

Uucope,  Oastroblastaj  and  Obelia  are  fixed  in  the  mixture  of  sulphate 
of  copper  and  sublimate  and  after  a  few  minutes  are  washed  in  fresh 
water  until  every  trace  of  precipitate  has  vanished,  and  then  placed  in 
weak  alcohol,  and  so  on. 

Mitrocoma  and  ^quorea  are  killed  with  acetic  acid  and  immediately 
transferred  to  the  chromosmic  mixture,  where  they  may  lie  from  fifteen 
to  thirty  minutes,  according  to  their  size.  Small  specimens  of  ^quorea 
can  be  placed  at  first  in  the  chrom-osinic  mixture. 

Tima  flavilahris  is  best  preserved  by  killing  in  formalin  of  4  per 
cent,  where  it  may  remain  from  five  to  twenty  days,  if  desired,  before 
the  transfer  to  alcohol  begins.  This  transfer  must  be  made  very  grad- 
ually. The  older  method  of  treatment  is  to  kill  the  animal  with 
chromic  acid  of  5  per  cent  in  volume  equaling  that  of  the  water  in  which 
it  is,  and  after  five  minutes  to  transfer  it  to  the  chrom-osmic  mixture. 
After  half  an  hour  in  the  latter  mixture  wash  in  fresh  water  and  trans- 
fer to  alcohol.  This  method  stains  the  animal  brown,  while  that  with 
formalin  leaves  it  colorless. 

Olindias  miilleri. — ^The  old  method  is  to  kill  with  acetic  acid  and 
immediately  transfer  to  chromic  acid  of  1  per  cent,  where  the  marginal 
tentacles  are  to  be  stretched  out  by  means  of  a  pair  of  forceps,  and 
where  the  animals  may  remain  about  a  quarter  of  an  hour  before  they 
are  removed  to  the  weak  alcohol.  The  new  and  more  satisfactory 
method  is  to  place  them  bottom  side  up  in  a  shallow  tray  partly  filled 
with  sea  water  and  suddenly  pour  over  them  a  volume  of  G  per  cent 
formalin  equal  to  that  of  the  water  in  the  tray.  In  the  3  per  cent 
solution  of  formalin  thus  made  they  are  to  remain  at  least  a  week 
before  they  are  removed  to  35  per  cent  alcohol,  and  gradually  thereafter 
to  70  per  cent  alcohol. 

Trachymedmce, — Rhopalonema,  Cunina,  ^gineta^  ^ginopaiSj  Liriopej 
and  Carmarina  s^TB  fixed  in  the  chrom-osmic  liquid  for  five  to  twenty 
minutes,  according  to  their  size,  washed  in  fresh  water,  and  gradually 
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transferred  to  alcohol.  Ounina  is  better  wheu  killed  with  couceiitrated 
acetic  acid  before  being  hardened  with  the  chrom-osmic  uiixtare.  A 
simpler  method  for  Carmarina  is  to  use  formalin  of  4  per  cent  and 
chromic  acid  in  eqaal  parts  for  killing  and  hardening.  Allow  the  speci- 
mens to  remain  in  this  mixture  from  one  to  two  hours;  then  wash  in 
fresh  water  and  transfer  to  alcohol. 

To  prevent  the  flattening  of  the  bell  of  Camiarinay  Tima,  and  other 
large  forms  place  a  watch  glass  in  the  bottom  of  the  jar  and  rest  the 
bell  of  the  hydrome  lusa  in  its  concave  side. 

ACALKPHJ;:. 

Oharybdcea  should  be  killed  with  the  chromacetic  mixture  No.  2  and 
immediately  afterwards  treated  with  chromic  acid  of  one-half  of  1  per 
cent.  After  a  half  hour  transfer  to  alcohol,  taking  care  for  the  proper 
suspension  of  the  tentacles. 

Xausithoe,  the  ephyra  of  Pelagia^  and  Rhizostoma  are  killed  by  pour- 
ing into  the  sea  water  containing  them  3  per  cent  of  a  1  per  cent  solu- 
tion of  osmic  acid.  When  they  have  just  begun  to  take  on  a  brown 
tint  they  should  be  washed  in  fresh  water  and  placed  in  35  per  cent 
alcohol.  Formalin  of  4  per  cent  may  be  used  with  excellent  results 
with  these  animals,  because  it  does  not  give  the  brown  tint  which  is 
imparted  by  osmic  acid.  To  avoid  the  flattening  of  the  umbrella  of 
Hhizostomaj  the  animal  is  killed  in  an  exhibition  jar  with  a  somewhat 
uarrow  neck.  After  the  transfer  to  weak  alcohol  the  mouth  of  the  jar 
should  be  covered  with  a  piece  of  bladder  and  should  stand  upside 
down,  with  the  convex  part  of  the  bell  resting  in  the  neck.  The  medusa 
should  remain  in  this  position  until  the  alcohol  has  been  changed  to  70 
per  cent  and  the  whole  body  has  become  permeated  with  the  fluid. 
When  formalin  is  used  for  killing  and  hardening,  this  inverted  position 
should  be  maintained  from  the  first. 

Pelagia  noctiluca  should  remain  in  the  chrom-osmic  liquid  about  an 
hour,  and  then  be  washed  and  placed  in  weak  alcohol.  In  the  alcohol 
the  animal  should  be  suspended  by  threads  tied  carefully  to  the 
extremity  of  each  tentacle  without  tearing  it.  See  that  the  bell  does 
not  touch  the  bottom  of  the  jar  and  let  the  animal  remain  thus  only 
until  completely  hardened. 

Cotylorhiza  tuberculata  (Cassiopeia). — Formalin  of  from  2  to  3  per 
cent  may  be  used  to  good  advantage  for  killing  and  hardening  this 
species.  Another  method  is  to  treat  with  osmic  acid,  as  was  done  with 
Rhizostoma^  but  when  the  brown  tint  begins  to  appear,  a  5  per  cent 
solution  of  bichromate  of  potassium  should  be  substituted  for  the  osmic 
acid  and  should  be  renewed  after  a  few  days.  The  animal  ought  to 
remain  in  this  reagent  for  about  two  weeks,  but  it  can  not  remain  much 
longer  than  that  without  suffering  injury.  Then  remove  the  object  to 
35  per  cent  alcohol.  Numerous  crystals  of  a  salt  are  formed  on  the 
outside  of  the  animal  and  a  heavy  precipitate  falls  to  the  bottom  of  the 
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receptacle,  inaking  it  necessary  to  change  the  alcohol  frequently  and  to 
add  a  few  drops  of  concentrated  sulphuric  acid  thereto. 

The  larval  forms  of  the  Acalephs  {Soyphutomay  Strobila)  are  killed 
with  hot  saturated  sublimate.  Strobila  is  also  well  fixed  with  a  mix- 
ture consisting  of  9  parts  of  concentrated  acetic  acid  and  1  part  of 
osmic  acid  of  1  per  cent.  From  this  it  is  quickly  transferred  to  fresh 
water  for  washing  and  put  into  alcohol. 

SIPHt»NOPHOKA. 

As  with  the  Hydromedusse,  the  preparation  of  the  Siphonophora 
should  be  accomplished  as  soon  as  possible  after  capture,  and  only 
those  specimens  should  be  treated  which  are  in  good  living  conditioiu 
Particularly  with  the  Physophoridse  is  it  true  that  the  whole  colony 
will  go  to  pieces  if  it  remains  for  a  few  hours  in  the  same  receptacle  in 
which  the  water  has  had  a  sudden  change  of  temperature,  though  fre- 
quently the  breaking  up  does  not  take  place  until  the  colony  comes  in 
contact  with  the  fixing  fluid.  Much  care  must  also  be  exercised  not  to 
shake  roughly  the  vessel  which  contains  the  animals  before  they  have 
been  killed.  It  has  often  been  observed  that  a  trace  of  an  acid  or  other 
reagent  in  the  water  is  enough  to  destroy  the  colony.  The  receiving 
vessel  must  be  perfectly  clean. 

Athorybia  roaaceaj  the  single  representative  of  the  family  of  Athory- 
biadaBy  which  is  found  in  the  Bay  of  Naples,  is  very  rnre,  and  but  one 
specimen  has  been  prepared  at  the  station.  That  was  killed  with  the 
mixture  of  sulphate  of  copper  and  sublimate.  The  colony  contracted 
somewhat,  but  remained  entire.  It  was  washed  with  fresh  water  and 
then  placed  in  alcohol. 

The  very  delicate  species  {PhysophoridcBj  Agalmidce)  must  be  trans- 
ferred from  the  jar  in  which  they  were  captured  to  the  crystallizing 
dish  in  which  they  are  to  be  killed  by  immersing  both  vessels  in  a  tank 
of  water  and  cautiously  pouring  the  animals  over.  Leave  water  enough 
in  the  crystallizing  dish  to  give  the  colony  free  movement,  and  wait  for 
the  polyps  and  the  nettle-filaments  to  become  well  distended  and 
naturally  arranged  before  going  on  with  the  treatment. 

Phyaophoray  AgalmHy  Halistemmay  and  Forskalia  are  killed  with  the 
mixture  of  sulphate  of  copper  and  sublimate  in  volume  equal  to  or 
double  that  of  the  water  in  the  crystallizing  dish  containing  them.  The 
mixture  must  be  poured  rapidly  into  the  dish  and  not  directly  onto  the 
animal.  After  a  few  minutes,  as  soon  as  dead,  the  colony  should  be 
transferred  by  means  of  a  large  horn  s[)atula  to  the  hardening  solution, 
which  is  not  the  same  for  all  the  species. 

(a)  Physophoraj  Agalma,  and  Haliatenima  are  put  directly  into  35  per 
cent  alcohol,  and  after  a  few  hours  transferred  to  that  of  70  per  cent.  As 
soon  as  Physophora  has  been  put  into  the  35  ])er  cent  alcohol,  its  nettle- 
filaments  should  be  stretched  out  as  far  as  possible  with  a  pair  of  light 
forceps  before  they  become  rigid.  To  change  the  liquid  in  the  swim- 
ming bell  it  is  necessary  to  make  an  injection  with  a  pipette.    Bubbles 
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of  air  always  form  in  the  bells,  which,  through  their  tendency  to  float, 
tend  to  change  the  natural  shape  of  the  bells,  or,  raising  the  whole 
colony,  flatten  it  at  the  surface  of  the  liquid.  To  get  rid  of  these  bub- 
bles it  is  necessary  to  compress  the  bells  gently. 

(b)  The  genus  Forshalia  is  transferred  from  the  mixture  of  copper 
sulphate  and  sublimate  to  Flemming's  solution.^  The  animals  remain 
in  this  form  two  to  six  hours,  according  to  their  size,  and  are  then 
washed  in  fresh  water  and  transferred  to  weak  alcohol,  and  so  on  grad- 
aally.  The  hardening  of  large  colonies  succeeds  better  in  the  mixture 
of  bichromate  of  potassium  and  osmic  acid,  where  they  can  lie  even 
twenty-four  hours  without  hardening  too  much.  To  free  the  animal 
firora  the  crystals  which  form  in  the  tissues  and  render  them  opaque,  a 
few  drops  of  concentrated  sulphuric;  acid  should  be  added  to  the  first 
alcohol  into  which  the  colony  is  put.  After  that,  pure  alcohol  may  be 
used. 

For  the  permanent  preservation  of  the  Physophoridae,  after  they 
have  remained  for  a  few  days  in  70  per  cent  alcohol  in  crystallizing 
dishes  for  hardening,  they  are  to  be  put  into  tubes,  arranging  them  so 
that  the  anterior  end  of  the  colony  is  toward  the  mouth  of  the  tube,  by 
immersing  the  tube  in  the  liquid  and  gently  working  the  colony  into  it. 
Small  specimens  of  Agalma  and  Halistemma  can  be  taken  by  the  i)os- 
terior  end  with  small  forceps  and  gently  forced  into  a  tube  filled  with 
70  per  cent  alcohol  so  that  the  bells  point  toward  the  opening.  The 
tube  should  be  small  enough  to  keep  the  colony  in  proper  position 
within  it.  It  should  be  plugged  with  cotton  and  placed  within  a  larger 
tube  filled  with  70  per  cent  alcohol  and  closed  with  a  cork.  This  double- 
tube  system  prevents  movement  of  the  liquid  about  the  colony  itself, 
even  when  the  outer  tube  is  not  entirely  filled  with  alcohol.  It  is  like- 
wise very  useful  for  shipment  of  specimens,  and  especially  so  for  pur- 
poses of  demonstrations.  It  is  recommended  for  all  very  delicate 
animals  and  those  with  appendages  which  can  be  injured  easily. 

Apoleniia  uvaria  is  killed  as  are  the  preceding  species  and  hardened 
with  1  per  cent  chromic  acid,  which  is  substituted  (in  the  same  dish)  for 
the  sulphate  of  copper  and  sublimate  mixture  which  has  been  drawn 
o&'  through  a  siphon.  After  twenty  minutes  in  the  acid,  wash  in  fresh 
water  and  transfer  to  alcohol,  the  change  of  fluids  being  effected  by 
means  of  siphons. 

Rhizophysa  should  be  allowed  to  expand  in  a  beaker  with  the  least 
practicable  amount  of  water  and  should  then  be  killed  with  hot  satu- 
rated sublimate.  Wash  at  once  and  put  into  weak  alcohol,  rearranging 
as  far  as  possible  the  nettle-filaments  and  tentacles  which  have  become 
tangled  during  the  handling. 

Physalia  caravella  should  be  permitted  to  expand  its  appendages  and 
polyps  in  a  tall  cylinder  filled  with  clear  sea  water,  taking  care  not  to 
touch  the  pneumatophores  on  account  of  their  severe  stinging  action. 


•Chromic  acid  of  1  per  cent,  25  c.  c. ;  osmic  acid  of  1  per  cent,  10 o.  c. ;  glacial 
acetic  acid,  5  c.  c,  and  distilled  water,  GO  c.  c. 
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The  preparation  succeeds  much  better  in  a  very  hig^h  cylinder,  ou 
account  of  the  great  extensibility  of  the  nettle- filaments.  When  the 
colony  is  well  distended  pour  over  it  a  volume  of  the  sublimate  and 
acetic  acid  mixture  equal  to  one-fourth  that  of  the  sea  water  contain- 
ing it.  As  soon  as  dead,  the  colony  should  be  transferred  in  the  same 
manner  as  at  first  to  a  similar  cylinder  containing  chromic  acid  of  cue- 
half  of  1  x)er  cent  and  after  twenty  minutes  to  50  per  cent  alcohol,  and 
finally  to  that  of  70  per  cent. 

HippopodiuSj  Oaleolaria,  and  Abyla. — Kill  with  the  mixture  of  sul- 
phate of  copper  and  sublimate  and  put  directly  into  weak  alcohol. 
The  bell  of  Abyla  is  also  well  prepared  with  the  chromosraic  liquid. 

Praya  is  fixed  like  Hippopodiusj  but  is  hardened  in  the  mixture  of 
potassium  bichromate  and  osmic  acid,  where  it  may  remain  one  or  two 
days. 

Biphyes, — Use  hot  sublimate  for  killing,  with  the  chain  of  the  individ- 
uals distended. 

Velella  is  killed  with  the  chrom-picric  mixture,  or  with  that  of  sub- 
limate and  chromic  acid,  and  after  a  few  minutes  is  removed  to  weak 
alcohol. 

Porpita  is  slowly  killed  by  dropping  with  a  pipette  a  few  drops  of 
Kleinenberg's  solution  into  the  beaker  where  it  has  become  distended. 
When  the  beautiful  blue  color  of  the  colony  has  begun  to  turn  red  is 
an  effect  of  the  acid,  it  should  be  removed  to  the  Kleinenberg  solution, 
where  it  may  remain  fifteen  minutes  before  it  is  put  into  weak  alcohol 

CTENOPHOHA. 

Beroe  ovatUj  Hormiphora^  Callianira,  Lampetia^  Euchlora^  and  young 
specimens  of  Gesttis^  UuchariSy  and  Bolina  are  killed  in  the  chrom-osmic 
mixture,  in  which  they  remain  from  fifteen  to  sixty  minutes,  according 
to  size,  and  are  then  transferred  gradually  to  70  per  cent  alcohol. 

While  Beroe  ovata  is  hardening  in  the  alcohol,  insert  a  short  glass 
tube  of  the  proper  size  into  its  gastric  cavity  to  keep  it  distended  in 
natural  shape.  Fix  the  tube  so  that  it  acts  like  a  float  to  keep  the 
animal  suspended  in  the  liquid.  This  operation  must  be  effected  with 
great  care  to  avoid  injuring  the  longitudinal  series  of  vibratile  plates. 
After  one  or  two  days,  when  the  animal  is  in  the  70  per  cent  alcohol, 
the  tube  may  be  removed  and  the  hardened  animal  will  preserve  its 
form. 

Beroe  forsJcalU,  to  be  preserved  in  a  state  of  expansion,  must  be 
immersed  in  the  sulphate  of  copper  and  sublimate  mixture,  and  as  soon 
as  dead  must  be  placed  in  the  chrom-osmic  mixture  to  harden  for  an 
hour.  Since  this  species  is  naturally  flat,  it  is  not  necessary  to  intro- 
duce a  tube  into  it. 

Callianira  may  be  treated  like  the  last  species,  but  another  good 
method  is  to  kill  it  in  a  solution  composed  of— 

Concentrated  pyroligneoua  acid 1  part. 

Saturated  sublimate 2  parts. 

Chromic  acid  of  one-half  percent Ipart. 
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Cestus  veneris. — Have  tbe  animal  in  a  little  water  in  the  exhibition  jar 
and  rapidly  pour  over  it  enough  of  cbrom-acetic  mixture  No.  1  to  fill  the 
jar  three-quarters  full,  arranging  the  animal  in  a  coil  with  the  broad 
edge  on  the  bottom  by  means  of  a  slender  glass  rod.  After  ten  nnnutes 
substitute  chromic-acid  solution  for  the  chroin  acetic,  and  after  fifteen 
minutes  therein  wash  thoroughly  in  fresh  water  by  decantation  and 
place  tbe  animal  in  35  per  cent  alcohol.  The  gradual  transfer  to  70 
per  cent  alcohol  must  take  several  days,  and  the  jar  must  not  stand 
in  direct  sunhght  or  even  strong  diffused  light.  The  specimens  to  be 
treated  should  be  in  perfect  condition;  otherwise  they  will  go  to  pieces 
in  the  fixing  fluid.  Gestus  veneris  can  be  well  prepared  in  the  chrom- 
osmic  mixture  also,  but  many  specimens  are  injured  and  colored  too 
much,  whereas  by  the  method  just  described  they  remain  white  and 
nearly  transparent. 

Vexillum  may  be  treated  like  Cestus  veneris, 

KCHINODEKMA. 

Crinoidea, — Antedon  rosacea  (Comatula)  is  put  directly  into  70  x)©r 
cent  alcohol,  but  A.  phalangium,  on  account  of  its  tendency  to  break  in 
pieces  of  itself,  must  be  killed  in  that  of  90  per  cent.  tShake  the  vessel 
violently  to  hasten  death  and  prevent  the  animals  from  breaking  off 
their  arms.     When  in  doubt  about  the  species  use  90  per  cent  alcohol. 

The  larval  forms  of  the  Pentacrinoids  are  narcotized  with  chloral 
hydrate  of  O.l  of  1  per  cent— a  process  requiring  two  to  four  hours.  If 
they  are  then  hardened  in  alcohol,  they  will  remain  with  the  arms  per- 
fectly distended.  The  more  advanced  stages  are  best  killed  with  sat- 
urated sublimate,  where,  however,  they  should  remain  only  a  few 
moments  to  avoid  injury  to  the  membranes. 

Asteroidea. — To  prepare  the  Stellarids  with  the  ambulacral  feet  in  a 
state  of  distention,  they  are  allowed  to  die  in  alcohol  of  20  to  30  per 
cent,  being  placed  in  the  vessel  ambulacra  uppermost. 

Luidia. — Lay  the  animal  on  its  back  in  a  shallow  tray  in  barely 
enough  water  to  cover  it.  Then,  when  the  ambulacral  tentacles,  which 
are  very  long,  are  well  distended,  pour  over  it  the  chrom-acetic  mixture 
No.  2  and  immediately  transfer  to  50  per  cent  alcohol  and  after  two 
hours  remove  to  70  per  cent  alcohol.  Small  individuals  may  be  killed 
with  55  per  cent  acetic  acid,  but  greater  care  must  be  used  to  transfer 
them  to  alcohol  as  soon  as  dead. 

Brisinga  easily  breaks  off*  its  arms,  to  avoid  which  it  should  be  (juickly 
immersed  in  absolute  alcohol. 

Bipinnaria  makes  excellent  preparations  when  killed  with  the  chrom- 
acetic  mixture  No.  1,  and  even  better  with  the  chrom-osmic  mixture,  in 
which  it  should  remain  only  a  few  minutes.  Other  larval  forms  are 
treated  with  saturated  sublimate  solution. 

Some  Ophiuroids  are  allowed  to  die  in  fresh  water  because  they  thus 
remain  distended  and  entire.  Ophiothryx  echinata  is  an  example.  Cer- 
tain small  forms  {Amphiura,  Ophiactis)  can  be  fixed  directly  in  weak 
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alcohol,  shaking  the  vessel  violently  to  hasten  death.  Ophiomyjca 
pentagonuj  which  has  a  soft  body,  is  hardened  in  chromic  acid  of  one-half 
per  cent.  Ophiopsila  annulosa  breaks  in  pieces  of  itself  in  fresh  water, 
and  is  therefore  killed  in  absolute  alcohol. 

Echinoidea. — To  prepare  these  with  the  ambulacral  feet  well  distended 
they  are  placed  in  jast  sea  water  enough  to  cover  tbeni  and  an  equal 
volume  of  chro:n-acetic  mixture  No.  2  is  poured  into  the  jar.  They 
must  be  transferred  at  once  to  alcohol,  so  as  not  to  give  time  to  the  acid 
to  corrode  the  calcium  carbonate  of  the  animal.  I  f  desirable  to  preserve 
the  soft  parts  of  the  animal  for  anatomical  purposes,  or  even  for  form 
only,  two  small  holes  must  be  made  in  the  shell  opposite  each  other  to 
discharge  all  the  fluid  contained  therein.  After  immersion  in  alcohol 
one  must  see  that  the  liquid  tills  the  internal  cavity,  and,  on  changing 
the  animal  to  stronger  alcohol,  that  the  liquid  contained  within  the 
shell  is  changed  also. 

If  dry  specimens  of  echini  are  wished,  discharge  the  water  within  the 
shells  and  let  the  animals  lie  in  ordinary  70  per  cent  alcohol  for  one  or 
two  days  before  placing  them  in  the  wind  and  sun  to  dry.  Starfish  also 
make  better  dried  specimens  if  they  are  killed  in  70  per  cent  alcohol 
and  allowed  to  remain  there  two  or  three  days  before  they  are  dried. 

Holothurioidea. — Ilolothurians  require  more  care  than  other  echino- 
derms,  because  they  have  soft  and  very  contractile  bodies  and  all  are 
furnished  with  tentacles  which  contract  or  retire  within  the  body  on 
contact  with  a  reagent.  Some  species,  furthermore,  soon  after  they  are 
immersed  in  the  fixing  fluid  expel  their  viscera  and  become  valueless 
as  sx>ecimens — a  thing  which  may  happen  in  the  sea  water  also,  if  that 
is  changed  too  suddenly.  All  these  inconveniences  are  avoided  by 
treating  the  animals  by  the  methods  here  described. 

First  of  all,  as  with  other  animals  which  must  become  expanded, 
they  are  placed  in  clear  sea  water.  Those  species  whi(*h  are  killed  in 
acids  should  be  allowed  to  remain  in  them  only  just  long  enough  to 
cause  death,  so  that  the  calcareous  cutaneous  spicules  be  not  injured. 
Large  specimens  of  Holothuria  and  Stichopus  ns  soon  as  the  tentacles 
are  fully  distended  should  be  seized  with  two  fingers,  or  with  a  pair  of 
forceps,  a  little  below  the  tentacles,  lifted  from  the  sea  water,  and  be 
immersed  as  to  the  anterior  portion  only  in  a  rather  deep  vessel  con- 
taining concentrated  acetic  acid.  At  the  same  time  another  i>ersoD 
should  inject  some  90  per  cent  alcohol  into  the  animal  through  the  anal 
aperture  with  a  syringe,  taking  care  not  to  exert  too  great  pressure, 
lest  the  body  bo  distended  too  much.  Before  the  Holothurian  is  quite 
dead  it  is  to  be  immersed  in  70  per  cent  alcohol,  closing  the  anal  oriOce 
with  a  small  cork  to  prevent  the  escape  of  the  liquid  and  the  conse- 
quent flattening  of  the  body.  The  injection  should  be  repeated  at  each 
successive  renewal  of  the  alcohol. 

With  certain  species,  as,  for  examjile,  Holothuria  polij  the  o|)eration8 
must  be  performed  with  much  caution,  because  the  skin  is  easily 
injured. 
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H.  impatiens,  which  has  a  long,  soft  body,  is  to  be  seized  by  the  neck, 
so  that  the  tentacles  can  not  contract,  and  by  the  posterior  extremity, 
so  that  the  body  may  not  shorten,  and  in  this  manner  the  whole 
animal  is  immersed  in  concentrated  acetic  acid.  When  dead  it  is  trans- 
ferred at  once  to  alcohol,  without  making  an  injection. 

Thyonej  Thyonidium^  and  Phyllophorus  are  strangled  without  using 
much  force,  wholly  immersed  in  acetic  acid,  and  then  removed  to  alco- 
hol as  soon  as  dead.  If  the  individuals  are  very  small,  the  pressure 
on  the  neck  should  be  made  with  forceps  instead  of  the  fingers. 

Cucumaria  plandi  is  treated  like  the  large  Holothurians,  except  that 
the  injection  of  alcohol  is  made  through  the  mouth,  takUig  care  to  keep 
the  tentacles  distended,  and  it  is  not  necessary  to  close  the  opening 
with  a  cork.  The  other  species  of  Cucumaria  are  killed  in  the  same 
manner.    It  is  not  necessary  to  inject  the  small  specimens. 

The  large  Synapta,  in  the  preparation  of  which  much  difficulty  has 
been  experienced  on  account  of  its  tendency  to  break  to  pieces,  is  killed 
by  immersion  in  a  tube  containing  sea  water  and  ether  in  equal  parts. 
In  this  mixture  the  animals  usually  die  completely  distended.  When 
dead  and  well  distended,  they  are  washed  in  fresh  water  and  put 
into  weak  alcohol.  The  transfer  to  70  per  cent  alcohol  should  be  very 
gradual,  to  avoid  contraction.  Chloroform  may  be  used  instead  of 
ether.  The  hardening  may  also  be  done  by  putting  2  or  3  c.  c.  of  1  per 
cent  chromic  acid  into  the  water  in  which  they  have  been  washed. 
After  a  few  seconds  remove  to  weak  alcohol. 

The  rare  Molpadia  musculus  and  the  little  ChirodoUi  venusta  have 
been  also  prepared  by  this  method.  Auricularia  is  best  killed  in  the 
mixture  of  sulphate  of  copper  and  subliniate  or  in  sublimate  alone. 

KNTEROPNEU8TA. 

Bataiwglossvs  is  killed  with  the  Kleinenberg  solution  or  in  chromic 
acid  of  one-half  of  I  per  cent,  but  the  former  is  much  better.  When  nar- 
cotized in  alcoholized  sea  water  the  animals  remain  well  distended  and 
straight.  Tornaria  is  killed  with  the  sulphate  of  copper  and  sublimate 
mixture.  It  is  well  preserved  also  with  saturated  sublimate  or  with 
the  chrom-osmic  mixture. 

VERMES. 

The  Oestodes  are  fixed  with  cold  saturated  sublimate,  the  Trematodes 
with  the  same  solution  hot.  If  it  is  desired  to  have  flat  preparations 
to  mount  for  the  microscope,  the  animals  should  be  placed  between  two 
plates  of  glass,  which  are  brought  together  by  gradual  pressure,  and 
then  placed  in  a  crystallizing  dish  under  moderate  weights.  When  the 
animals  are  flattened  enough  and  there  is  as  little  water  as  is  practica- 
ble in  the  dish,  pour  over  them  boiling  saturated  sublimate  and  leave 
them  therein  until  they  show  no  signs  of  contraction.  Then,  the  plates 
of  glass  being  removed,  the  worms  are  allowe<l  to  harden  thoroughly 
in  cold  saturated  sublimate,  since  the  boiling  sublimate  fixes  only  the 
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margins  of  tbe  objects,  not  being  able  to  penetrate  well  between  the 
two  plates.  In  this  manner  well  distended,  flat  preparations  bave  been 
made  of  Tristomum,  Acanihocotyle^  Distomum,  Calicoiyle^  and  of  maoy 
other  Distomata  and  Polystomata. 

Rhahdocodlia  and  Dendroccdlia. — When  they  are  not  quite  thoroughly 
distended  in  a  little  water  they  are  killed  with  boiling  saturated  subli- 
mate and  at  once  poured  into  a  larger  receptacle  containing  i^esh  water, 
where  liquid  and  animals  are  allowed  to  cool.  From  this  mixture  they 
are  transferred  to  fresh  water,  and  after  a  few  minutes  to  alcohol.  For 
certain  Polyclades  {Eurylepta^  Pseudoeeroa)  it  is  necessary  that  the  sub- 
limate be  warmed  a  little  again,  otherwise  the  bodies  break  up. 

Mtiller's  larvae  may  be  killed  with  saturated  sublimate,  either  cold 
or  hot. 

Nemertince. — Great  difficulty  has  been  encountered  in  dealing  with 
the  nemertine  worms,  because  before  they  are  competely  distended 
they  contract  again,  twisting  tbe  body  badly  and  breaking  to  pieces. 
For  some  time  the  effort  was  made  to  narcotize  the  different  species  by 
dropping  alcohol  little  by  little  into  the  sea  water  containing  tbe  ani- 
mals, so  that  as  the  two  mixed  tbe  animal  would  gradually  lose  sensi- 
tiveness and  would  die.  Although  this  operation  was  performed  with 
the  greatest  care,  and  the  worms  showed  no  signs  whatever  of  life, 
when  transferred  to  tbe  fixing  liquid  they  contracted  and  became  dis- 
torted. If  tbe  method  just  described  be  used  with  large  specimens  of 
Cerebratulm  marginatus,  one  can  not  tell  whether  the  animals  are 
entirely  dead  or  not.  Good  success,  however,  has  been  attained  by 
rapidly  plunging  them  bead  first  into  a  mixture  consisting  of  Miiller's 
solution  ^  7  parts  and  concentrated  hydrochloric  acid.l  part.  After  a 
few  minutes  wash  the  animals  and  harden  them  in  alcohol  in  a  wax- 
bottomed  tray. 

After  repeated  experiments  the  Nemertines  were  at  last  successfully 
narcotized  in  a  solution  of  chloral  hydrate  in  sea  water  of  0.1  of  1  per 
cent  strength,  where  they  were  allowed  to  remain  from  six  to  twelve 
hours  and  then  hardened  in  alcohol  in  tbe  long  zinc  box  with  wax  in 
the  bottom.  When  these  animals  have  been  narcotized  for  not  too  long 
a  time  in  the  chloral  hydrate  they  will  fully  regain  vitality  and  power 
of  movement  after  a  little  if  placed  again  in  sea  water. 

By  this  method  good  preparations  can  be  made  of  the  genera  Cari- 
nella,  Cerebratulus^  Drepanophorus,  Neinertes^  Polia^  etc.,  in  a  state  of 
perfect  distention  and  with  tbe  proboscis  protruded.  The  more  resist- 
antforms  (Langia^  Amphiporus,  and  also  Drepanophorus),  after  they  bave 
been  narcotized  in  a  0.1  of  1  per  cent  solution,  may  well  be  placed  for 
some  hours  in  a  0.2  of  1  per  cent  solution  before  tbey  are  killed. 

Tbe  larval  form,  Pilidiuniy  is  killed  either  with  the  sulphate  of  copper 
and  sublimate  mixture  or  with  saturated  sublimate  alone. 


Potassium  bichromate,  2  grams;  sodium  sulphate,  1  gram;  distilled  water,  100 


grams. 
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The  Keiiiatx)de8,  free  and  parasitic,  are  killed  with  saturated  subli- 
mate or  with  Kleiueuberg's  liquid. 

Chastognatha. — These  are  very  well  treated  in  the  mixture  of  sulphate 
of  copper  and  sublimate  and  in  the  chrom-osmic  mixture. 

Oephyrea — Sipunculus  is  killed  with  chromic  acid  of  one-half  of  1  per 
cent  or  even  weaker,  in  which  the  tentacles  usually,  but  not  always, 
expand  before  death.  The  animal,  after  being  narcotized  with  chloral 
hydrate  of  0.1  of  1  per  cent  in  sea  water,  dies  with  tentacles  distended. 
Both  methods  are  good,  but  sometimes  a  portion  of  the  animal  remains 
contracted,  and  sometimes  during  the  process  the  skin  in  front  breaks 
and  allows  all  the  perivisceral  liquid  to  escape,  with  resulting  distortion 
of  the  body. 

Fhascolosoma  may  be  placed  in  alcoholized  sea  water  and  allowed  to 
remain  there  until  dead  (three  to  six  hours).  Phoronis  is  allowed  to 
remain  half  an  hour  in  alcoholized  sea  water  and  then  is  killed  with  boil- 
ing saturated  sublimate.  With  the  large  specimens  of  Bonellia  it  is  best 
to  wait  until  the  proboscis  has  become  well  distended  and  then  seize  the 
b(»dy  of  the  animal  with  one  hand  and  the  extremity  of  the  proboscis 
with  a  pair  of  forceps  so  that  it  can  be  kept  distended.  Then  quickly 
immerse  the  whole  in  Kleinenberg's  liquid  in  the  wax-bottomed  tray, 
and,  always  keeping  the  animal  stretched  out  to  prevent  contraction, 
wait  until  it  dies.  After  lying  for  an  hour  in  this  solution  the  transfer 
to  alcohol  may  begin.  Small  Bonellias  are  narcotized  in  alcoholized  sea 
water  and  fixed  in  weak  alcohol.  The  very  small  specimens  of  these 
Gephyreans  are  very  welFkilled  with  hot  sublimate.  The  pelagic  larvae 
of  Echiurns  are  well  fixed  by  allowing  them  to  lie  for  some  minutes  in 
the  mixture  of  sulphate  of  copper  and  sublimate. 

Hirudinei,  Fontobdella^  and  BranchelUon  are  killed  in  chromic  acid  of 
one  half  of  1  per  cent.  If  in  doubt  about  worms  of  this  family,  hot  satu- 
rated sublimate  may  be  recommended  for  use.  In  any  case  long  speci- 
mens must  be  straightened  and  hardened  in  the  wax-bottomed  tray. 

Chwtopoda. — Many  of  these,  if  placed  in  a  fixing  fluid  which  is  too 
energetic  in  action,  contract  greatly  and  twist  out  of  shape,  and  many 
of  them  break  to  ])ieces,  so  that  an  idea  of  the  natural  form  is  lost. 
This  trouble  has  been  obviated  by  very  gradually  pouring  over  the 
sarface  of  the  sea  water  in  the  crystallizing  dish  a  stratum  of  a  mix- 
ture of  glycerin,  1  part,  70  per  cent  alcohol,  2  parts,  and  sea  water, 
2  parts.  This  stratum  will  slowly  diffuse  throughout  the  water,  and 
after  some  hours  the  animals  will  be  narcotized  and  will  remain  fully 
distended,  if  transferred  to  alcohol. 

Experience  at  the  station  has  shown  that  alcohol  alone  suffices  for 
the  treatment  of  these  worms.  Instead  of  the  mixture  just  described, 
one  may  add  to  the  sea  water  5  per  cent  of  absolute  alcohol  and  let 
the  animals  remain  therein  until  they  have  lost  motion,  an  operation 
which  varies  from  two  to  twelve  hours  for  the  different  species.  It  is 
a  good  plan  not  to  allow  these  worms  to  become  entirely  dead  in  the 
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sea  water.  The  hardeniug  is  done  in  the  long  wax-bottomed  trays 
with  70  per  cent  alcohol,  straightening  oat  the  animals  and  holding: 
them  in  place  when  necessary  by  means  of  wooden  pins.  After  a  few 
hoars  in  the  tray,  they  should  be  pat  into  tabes  and  allowed  to  rest  in 
a  horizontal  position  for  a  day  or  so.  Since  70  per  cent  alcohol  does 
not  penetrate  the  tissues  of  these  animals  well  enoagh  to  prevent 
maceration,  90  per  cent  alcohol  mast  be  ased  for  permanent  preserva* 
tion.  Large  specimens  shoald  be  suspended  in  the  tube  by  means  of  a 
thread  attached  to  a  float. 

The  method  just  described  has  given  good  results  with  annelids 
belonging  to  the  following  families:  PolygordiidsB,  OpheliadsB,  Capitel- 
lidsBy  TelethusidaB,  Maldanida3,  Ariciidse,  Cirratolidae,  Spionidse,  Tere- 
bellidaB,  with  the  exception  of  the  genera  Polymnia  and  LanicCy  which 
are  killed  with  the  mixture  of  sublimate  and  chromic  acid;  among  the 
AphroditidaB  certain  Polynoinae,  and  all  the  Sigalioninee;  the  Aniphi> 
nomidaB,  which  can  also  be  well  treated  with  saturated  sublimate; 
among  the  Eunicidae,  the  Staurocephalinse,  Lysaretiuae,  and  Lumbri- 
conereinaB;  all  the  Nereidae,  Glyceridae,  Syllidae,  Hesionidae,  and  Phyl- 
lodocidaB. 

In  the  family  of  the  Chlorhsemidae  the  genera  Stylarioides  and  Tro- 
phonia  are  narcotized  with  alcoholized  sea  water,  hardened  in  chromic 
acid  of  1  per  cent,  and  transferred  to  alcohol.  Siphonostomum  diplo- 
chaitos  of  the  same  family  is  killed  in  a  solution  of  chloral  hydrate  of  .1 
per  cent,  and  after  hardening  for  fifteen  minutes  in  1  per  cent  chromic 
acid  is  transferred  to  alcohol.  Another  good  method  is  to  ase  the  sul- 
phate of  copper  and  sublimate  mixture  for  killing,  allowing  the  animals 
to  remain  five  minutes  in  the  solution.  Animals  of  this  species,  when 
treated  with  the  ordinary  reagents,  break  to  pieces  with  the  greatest 
ease. 

HermionidaB  are  immersed  directly  in  70  per  cent  alcohol  (old  solution 
will  do),  taking  care  that  the  animals  do  not  die  in  a  carved  position. 

Chabtopterida?,  Sternaspidae,  the  large  Spirographis  and  the  large 
Serpulinas  of  the  genus  Protula-  are  killed  in  1  per  cent  chromic  acid, 
where  they  are  allowed  to  rest  at  least  half  an  hour.  Then  after 
thorough  washing  in  fresh  water,  they  are  put  into  alcohol  of  70  per 
cent,  and  afterwards  into  that  of  90  per  cent.  Spirographis  can  not  be 
well  treated  in  its  tube  or  be  returned  to  it  after  treatment.  Myxicola 
in/undibulum  is  killed  in  saturated  sublimate,  and,  after  ten  or  fifteen 
minutes,  thoroughly  washed  and  put  into  50  per  cent  alcohol  for  a  few 
hours  before  it  is  put  permanently  into  that  of  70  per  cent. 

The  following  annelids  are  killed  with  cold  saturated  sublimate,  in 
which  they  should  not  be  allowed  to  remain  more  than  fifteen  minutes; 
all  the  AmphictenidaB  (which  may  be  placed  in  alcoholized  sea  water 
until  well  out  of  their  tubes),  the  Hermellid^e,  the  Serpulidaa  (some  of 
which  should  remain  for  some  hours  in  a  0.1  of  1  per  cent  solution  of 
chloral,  so  that  they  may  come  wholly  or  partly  out  of  their  tubes),  of  the 
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^pbrodJtidfe  certain  Polynoinfe,  Folyodonte*  maxilloaus,  of  the  Eanici- 
Aee  all  the  groap  of  the  EnoiciDse.  Some  of  these,  like  JMoptara^  are 
"beBt  fixed  by  narcotizing  them  in  alcoholized  sea  water. 

Alciopidie  are  very  well  prepared  by  letting  them  die  in  the  salphate 
of  copper  and  sablimate  mixture.  They  shoald  remain  in  the  solution 
not  to  exceed  five  minutes,  and  then  be  washed  thoronghly  in  freah 
-water  before  they  are  placed  in  alcohol. 

Tomopteridse  are  preserved  in  the  way  Just  described,  or  with  cold 
satar&ted  sublimate.     Remove  the  last  traces  of  sablimatewith  iodine. 


The  marine  Oladocera  {Podon,  Evadne)  are  killed  with  satnrated 
sublimate,  or  with  a  few  drops  of  osmic  acid  of  1  per  cent  in  the  sea 
water  containing  them,  removing  tliem  when  they  begin  to  torn  brown. 
"Wash  and  put  into  70  per  cent  alcohol. 

Oatracoda  are  put  at  once  into  70  per  cent  alcohol. 
Oopepoda. — The  free  forms  are  killed  in  a  saturated  solution  of  sub- 
limate in  sea  water,  where  they  are  allowed  to  stay  from  five  to  ten 
minutes.    The  parasitic  forms  may  be  killed  in  the  same  way  or  be  pnt 
at  once  into  weak  alcohol. 

Cirripedia. — To  prepare  Lepaa,  CofKkoderma,  etc.,  with  the  cirrhi  dis- 
tended, let  them  die  in  alcohol  of  35  per  cent.    If  the  cirrhi  of  certain 
species  contract  they  can  easily  be  drawn  out  again  by  means  of  forceps. 
Bataniu  and  similar  forms  are  immersed  directly  in  alcohol  of  70  per 
cent,  taking  care  to  change  the  liquid  soon. 

Rkizocephala  (SacouHna,  Peltogaster,  etc.)  are  placed  for  flfteei 
ates  in  a  mixture  of  90  per  cent  alcohol  and  sublimate  iu  eqasl 
and  then  transferred  to  70  per  cent  alcohol. 

Amphipoda. — All  the  Liemodipodes,  Grevettines  and  Iperinei 
formerly  prepared  by  putting  them  at  once  into  alcohol  of  70  pei 
bat  now  they  are  put  into  Perenyi's  solution  for  fifteen  minutes 
they  are  immersed  in  the  alcohol.  The  transpareut  forms  of  tl 
division  {Pkronima,  etc.)  are  killed  in  soblimate. 

laopoda. — These  are  put  at  once  into  70  per  cent  alcohol,  wi 
I   exception  of  the  Bopyrides  and  Entoniscides,  which  are  first  pla 
I   a  mixture  of  90  per  cent  alcohol  and  saturated  sublimate  in  equal 
(like  the  Rhizocephala)  or  in  saturated  sablimate  alone. 

Cumacea  and  Btomatopoda  go  directly  into  alcohol,  though  the 
parent  larval  forms  of  the  latter  are  first  put  into  saturated  sub 
for  a  few  minnt«8. 

Schizopoda  go  at  once  into  alcohol  or  they  may  be  treated  firs 
saturated  sublimate. 

To  avoid  the  breakiug  of  the  appendages  of  the  Decapoda, 
forms  are  allowed  to  die  in  ftesh  water  before  they  are  pnt  into  a 
They  remain  in  freah  water  only  as  long  as  is  necessary,  otbervri 
membraDons  appendages  are  injured. 
2138— No.  39,  Ft.  M 3 
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With  the  PagaridsB  the  alcohol  mast  be  changed  often,  and  they  are 
to  be  preserved  permanently  in  90  per  cent  alcohol,  because  the  shell  is 
permeable  to  only  a  small  degree. 

The  larvad  of  the  Decapods  (Zoeay  Fhyllosomoy  etc.)  are  killed.in  sab- 
limate  or  with  a  few  drops  of  osmic  acid  of  1  per  cent. 

PANTOPODA. 

The  Pantopoda  are  killed  in  chromic  acid  of  one-half  per  cent  so  that 
they  will  remain  with  the  legs  distended.  As  they  are  almost  always 
covered  with  foreign  bodies,  it  is  necessary  to  let  them  live  for  several 
days  in  beakers  of  fresh  sea  water,  so  that  they  may  clear  themselves 
of  these  extraneous  growths. 

MOLLUSC  A. 

Lamellibranchs  may  be  prepared  with  the  valves  open  by  narcotizing^ 
them  in  alcoholized  sea  water,  where  they  may  remain  from  six  to 
twelve  hours  or  even  more,  according  to  the  species.  The  siphonate 
forms  should  not  be  transferred  to  alcohol  before  they  are  thoroughly 
stupefied,  otherwise  the  siphons  will  contract.  After  the  animals  have 
been  narcotized,  it  is  an  excellent  plan  to  place  them  in  chromic  acid  of 
1  i)er  cent  for  about  a  half  hour.  They  are  very  likely  to  open  their 
shells  wider  after  they  have  been  placed  in  the  chromic  acid.  When 
chromic  acid  is  not  used,  it  is  well  to  place  a  bit  of  wood  between  the 
valves  to  keep  them  apart  when  first  put  into  alcohol.  Cocaine  may  be 
used  instead  of  alcoholized  sea  water  for  narcotizing  the  animals.  The 
animals  are  preserved  in  a  more  distended  condition,  but  its  use  is  not 
as  necessary  for  lamellibranchs  as  for  gastropods,  and  the  method  will 
be  described  when  the  latter  are  discussed. 

Lima,  which  has  a  large  number  of  tentacular  filaments  around  the 
edge  of  the  mantle,  which  break  off  if  alcoholized  sea  water  be  used, 
is  killed  with  chromic  acid  of  one-fourth  of  1  per  cent.  Large  specimens, 
however,  yield  better  results  if  treated  with  the  copi)er  sulphate  solution 
first. 

Scaphopoda. — Dentalium  is  narcotized  with  chloral  hydrate  of  0.2  of  1 
per  cent,  in  which  it  remains  from  ten  to  twelve  hours  or  more,  and  is 
then  put  into  70  per  cent  alcohol. 

Gastropoda. — ^The  use  of  cocaine  for  narcotizing  all  species  of  gastro- 
pods is  strongly  recommended.  The  solution  consists  of  2  grams  of 
cocaine  powder  dissolved  in  100  c.  c.  of  50  per  cent  alcohol.  Place  the 
animals  in  the  least  practicable  amount  of  water.  Drop  in  a  few  drops 
of  the  cocaine  solution,  and  after  two  hours  add  a  few  more,  and  con- 
tinue the  operation  until  the  animals  are  thoroughly  insensible.  The 
action  is  much  slower  in  winter  than  in  summer.  To  avoid  the  con- 
traction into  the  shell,  which  is  apt  to  take  place  with  prosobranchs 
having  a  spiral  shell,  even  when  the  narcotizing  has  seemed  to  be 
complete,  draw  the  operculum  as  far  out  as  possible  with  a  pair  of 
pincers  and  bind  it  to  the  shell. 


/ 
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As  cocaine  is  not  always  available,  the  old  methods  for  treating  gas- 
tropods will  be  detailed.  It  is  to  be  understood  that  when  cocaine  is 
used  for  narcotizing  the  sabsequent  treatment  is  that  indicated  below: 

The  .Placophora  and  the  families  of  the  Patellidae,  the  FissarellidsB, 
and  the  Haliotida)  may  be  prepared  in  a  distended  condition  by  narcotiz- 
ing them  with  alcoholized  sea  water. 

Naticajosephinia  may  be  fixed  in  complete  distention  by  dropping  70 
per  cent  alcohol  little  by  little  into  the  sea  water  until  the  animals  no 
longer  respond  to  any  stimulus,  an  operation  which  often  lasts  two  or 
three  days.  Then  they  are  killed  by  rapidly  pouring  concentrated 
acetic  acid  over  them,  and  they  are  transferred  at  once  to  weak  alcohol. 
If  one  desires  to  get  perfect  specimens  he  must  treat  several  at  once, 
because  out  of  every  lot  some  are  sure  to  remain  more  or  less  con- 
tracted. 

Natica  millepunctata  and  N.  hehrea,  when  treated  in  the  manner  just 
described,  remain  entirely  contracted.  Good  results  may  be  obtained, 
however,  by  letting  them  remain  for  some  days  in  a  mixture  of  sea 
water  and  firesh  water  in  equal  parts,  and  afterwards  killing  them  with 
acetic  acid.  This  may  be  used  for  preparing  several  species  of  Nassaj 
ColumbelUiy  ConuSj  and  Trochus. 

Heteropoda. — The  Atlantidse  may  be  narcotized  in  alcoholized  sea 
water,  where  they  are  allowed  to  remain  for  from  six  to  twelve  hours, 
and  are  then  placed  directly  in  alcohol.  Cocaine,  however,  is  much 
better  for  narcotizing. 

The  PterotrachaidsB  are  killed  by  immersing  them  in  chromacetic 
mixture  No.  1  for  from  ten  to  thirty  minutes  according  to  their  size. 
Wash  thoroughly  in  fresh  water  and  transfer  gradually  to  the  different 
grades  of  alcohol.  These  animals  are  well  prep.ared  also  with  the 
chrom-osmic  mixture,  and  the  little  specimens  of  Carinaria  are  best 
treated  with  the  mixture  of  sulphate  of  copper  and  sublimate.  Large 
specimens  should  be  suspended  in  the  permanent  receptacle  by  a  thread 
tied  around  the  end  of  the  proboscis. 

Opisthobranchiata, — The  Bullas  are  slowly  narcotized  in  the  mixture 
of  sea  water  and  fresh  water  in  equal  parts  or  in  alcoholized  sea  water 
and  allowed  to  remain  therein  until  thoroughly  insensible.  They  are 
killed  with  concentrated  acetic  acid  and  transferred  at  once  to  alcohol. 

Oastropteron  meckeli  is  killed  in  Kleinenberg's  solution,  thereby  retain- 
ing its  natural  red  color  very  well.  It  loses  its  color  in  the  ordinary 
hqoids. 

Doridium  and  Scaphander. — ^Narcotize  in  alcoholized  sea  water,  kill  in 
concentrated  acetic  acid,  and  quickly  transfer  to  alcohol.  If  not  hard 
enough,  or  if  softened  at  all  in  the  acetic  acid,  they  may  be  placed  in 
chromic-acid  solution  of  1  per  cent  for  ten  or  fifteen  minutes  before  they 
are  put  into  alcohol. 

Philine. — When  the  animal  is  well  distended  in  a  little  sea  water,  sud- 
denly pour  over  it  concentrated  acetic  or  pyroligneous  acid  and  quickly 
transfer  to  alcohol. 
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Pleurophyllidia  is  narcotized  with  alcoholized  sea  water  and  then 
killed  with  concentrated  acetic  acid. 

Aplysia  limaeina  and  A.  punctata  are  fixed  in  1  per  cent  chromic  acid, 
where  they  are  allowed  to  remain  from  fifteen  to  sixty  minutes,  accord- 
ing to  their  size.  A.  depilans  is  narcotized  in  chloral  hydrate  solution 
of  1  per  cent  (which  may  take  twelve  hours),  killed  with  concentrated 
acetic  add,  transferred  at  once  to  chromic  acid  of  1  per  cent,  and  after 
half  an  hour  put  into  50  per  cent  alcohol,  and  so  on. 

Pleurohranchia  meckeli  is  best  treated  with  cocaine  and  then  put  into 
chromic  acid  of  I  per  cent,  ^fhere  the  animals  may  remain  about  an 
hour  before  they  are  washed  and  put  into  alcohol. 

Pleurohranchus  meckeli  and  P.  testudinarius  may  be  killed  in  chromic 
acid  of  5  per  cent.  When  scarcely  dead  the  animals  are  transferred  to 
that  of  1  per  cent,  where  they  may  remain  from  fifteen  to  sixty  minutes^ 
according  to  their  size.  The  small  specimens  can  be  well  prepared  with 
chloral  hydrate,  also,  afterwards  fixing  them  with  chromic  acid  of  1  per 
cent. 

Umbrella  is  slowly  killed  in  alcoholized  sea  water,  after  which  it  is  put 
into  weak  alcohol. 

The  ElysiidsB  and  the  ^olidiida)  are  permitted  to  expand  in  the  least 
practicable  amount  of  sea  water.  They  are  then  killed  by  rapidly  pour- 
ing over  them  a  volume  of  concentrated  acetic  acid  doable  or  equal  to 
that  of  the  sea  water,  and  when  scarcely  dead  they  are  transferred  to 
weak  alcohol. 

PhylUrrhoe  bucephalum  is  fixed  in  the  chrom-osmic  mixture  for  a  few 
minutes  or  in  the  chrom-acetic  mixture  No.  2. 

DoriSj  OhromodoriSj  etc. — The  larger  specimens  of  these  animals  may 
be  narcotized  by  adding  70  per  cent  alcohol,  a  little  at  a  time,  to  the 
water  containing  them,  until  touching  the  branchial  appendages  on  the 
back  produces  no  contraction.  They  should  then  be  killed  with  con- 
centrated acetic  acid  or  boiling  saturated  sublimate.  If  cocaine  is  used 
for  narcotizing  the  animals,  they  should  be  killed  in  concentrated  acetic 
acid,  placed  in  chromic  acid  of  1  per  cent  for  ten  minutes  and  then 
transferred  to  50  per  cent  alcohol,  and  so  on.  The  small  specimens 
need  not  be  narcotized. 

Triopa^  Idalia^  and  Polycera  are  treated  like  the  Elysiidse. 

The  large  specimens  of  Tritonia  are  immersed  until  dead  in  fresh 
water,  to  which  a  few  drops  of  acetic  acid  have  been  added,  when  they 
are  hardened  in  chromic  acid  of  one-half  of  1  per  cent.  By  this  method 
they  remain  well  distended  and  the  shape  suffers  no  alteration.  Small 
Triton  ias  are  treated  with  cocaine  and  then  hardened  and  placed  in 
alcohol. 

Marionia  is  narcotized  in  alcoholized  sea  water  and  kiUed  in  acetic 
acid. 

To  prepare  Tethys  with  the  dorsal  appendages  in  position^  the  animal 
is  allowed  to  expand  in  a  large,  low  crystallizing  dish  in  the  least 
amount  of  water  possible  necessary  to  cover  it.    It  is  killed  by  pouring 
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over  it  a  quantity  of  concentrated  acetic  acid  at  least  as  great  as  the 
water  in  the  dish.  Then  the  liquid  is  removed  by  means  of  a  siphon 
and  chromic  acid  of  1  per  cent  substituted  therefor.  Then  carefully 
try  to  give  the  animal  a  lifelike  appearance  by  flattening  the  foot  on 
the  bottom  of  the  receptacle  and  arranging  the  cephalic  lobe  so  that 
it  rests  easily  rolled  up  in  conical  shape.  In  this  manner  it  should 
harden,  and  after  half  an  hour  the  chromic  acid  should  be  siphoned  off 
and  weak  alcohol  introduced.  The  animal  must  be  suspended  in  the 
final  receptacle. 

Pteropoda.— The  Hyaleidae  are  placed  in  a  little  water  and  allowed  to 
expand  the  two  wings,  when  saturated  sublimate  solution  is  poured  over 
them.  After  a  few  minutes  they  are  washed  and  placed  in  weak  alco- 
hol, and  so  on.  Criseis  acicula  is  well  prepared  by  killing  it  with 
alcoholized  sea  water. 

CymbuliidsB  are  very  well  killed  in  Perenyi's  solution,  where  they  may 
remain  fifteen  minutes  before  they  are  transferred  to  50  per  cent  alcohol. 
If  they  are  prepared  with  the  chromosmic  mixture,  their  form  is 
perfectly  preserved,  but  the  transparency  is  partly  lost. 

The  Qymnosomata  are  placed  in  chloral  hydrate  solution  of  0.1  of  1 
per  cent  for  from  six  to  twelve  hours  and  then  are  quickly  killed  with 
acetic  acid  or  sublimate.  Qood  preparations  of  Cliopsis  have  been  made 
by  letting  the  animals  die  in  chromic  acid  of  one-fourth  of  1  per  cent. 

Cephalopoda. — ^The  preparations  are  much  better,  of  course,  when 
the  animals  are  immersed  in  the  preserving  fluid  while  still  alive.  If 
they  have  been  dead  for  some  time  when  received,  they  can  be  made  to 
regain  their  shape  in  part  by  allowing  them  to  lie  in  sea  water  for 
about  an  hour.  Then  they  had  better  be  hardened  in  1  per  cent 
chromic  acid  for  fifteen  to  sixty  minutes,  according  to  their  size. 

Small  octopods  are  narcotized  in  chloral  hydrate  of  0.2  of  1  per  cent, 
and  then  immersed  in  alcohol,  where  they  sometimes  contract,  twisting 
the  arms  about  the  body,  but  after  the  animals  are  dead  it  is  easy  to 
stretch  out  the  arms  and  dispose  them  in  a  natural  position.  The 
larger  animals  (of  a  length  of  15  cm.  (6  inches)  or  more)  are  killed  in  1 
per  cent  chromic  acid,  where  they  are  usually  kept  a  half  hoar,  thou]^h 
very  large  ones  may  remain  even  so  much  as  two  hours.  After  wash- 
ing them  in  fresh  water,  transfer  to  70  per  cent  alcohol,  taking  care  to 
change  the  latter  several  times. 

OcythcB  cafenulata  (Philonexisa). — Females  of  medium  size  are  im- 
mersed directly  in  70  per  cent  alcohol  and  after  they  are  dead  their 
arms  are  straightened  out.  Scceurgus  tetra^cirrhtis  (Octopus)  is  killed 
in  the  mixture  of  alcohol  and  chromic  acid  and  after  twenty  minutes  is 
transferred  to  alcohol. 

The  Decapods  may  be  put  at  once  into  alcohol  of  70  per  cent,  taking 
care,  before  they  are  quite  dead,  to  pull  out  the  two  tentacular  arms, 
which  usually  have  contracted.  The  small  species  should  be  narco- 
tized in  chloral  hydrate  of  0.2  of  1  per  cent  or  in  alcoholized  sea  water 
before  they  are  put  into  the  alcohol.    To  facilitate  the  penetration  of 


BULLETIN   89,  UNITED   STATES   NATIONAL  MUSEUM.         [38] 

the  alcohol  into  the  visceral  region  of  the  largest  specimens  an  incision 
should  be  made  in  the  ventral  part  of  the  body. 

The  transparent  pelagic  forms  {LoligopsiSj  Verania)  are  pat  first  into 
Kleinenberg's  solution  and  after  an  hour  are  transferred  to  weak  alco- 
hol, from  which  they  are  gradually  changed  to  that  of  70  per  cent. 
The  forms  which  are  contained  in  a  common  gelatinous  substance  are 
fixed  with  chromic  acid  of  one-half  of  1  per  cent  and  then  transferred  to 
50  per  cent  alcohol,  where  they  remain  permanently. 

BRYOZOA. 

Bryozoa  are  best  preserved  when  they  are  treated  on  board  ship 
immediately  after  they  have  been  caught. 

Pedicellina  and  Loxosoma  are  left  for  an  hour  in  chloral  hydrate  of 
0.1  of  1  per  cent  and  then  killed  with  saturated  sublimate,  cold  or  hot. 
Wash  immediately  afterwards  and  place  in  alcohol.  Certain  species  of 
Bugula  {purpurotinctUj  turhinata),  after  the  animals  have  become  well 
distended  in  a  little  sea  water,  are  killed  quickly  with  hot  sublimate. 
By  pouring  some  70  per  cent  alcohol  slowly  over  the  surface  of  the 
water  in  which  they  are,  Flustra,  Gelleporay  Griaia^  Bugula,  and  Zoobot- 
rium  have  been  prepared  in  a  state  of  complete  distention.  The  other 
species  can  be  killed  with  the  animals  more  or  less  out  of  their  cells  by 
using  a  weak  solution  of  chloral  hydrate  or  alcoholized  sea  water,  but 
generally  good  results  depend  upon  the  skill  of  the  preparator. 

BRACHIOPODA. 

Bracb  jopods  are  narcotized  by  letting  them  lie  in  alcoholized  sea  water 
for  some  hours  before  they  are  put  into  alcohol.  Put  a  bit  of  cork 
between  the  valves  to. keep  them  open.  Small  forms  may  be  put  at 
once  into  70  per  cent  alcohol. 

TUNICATA. 

The  Appendiculariee  are  killed  by  letting  them  rest  for  five  minutes 
in  the  chrom-osmic  mixture. 

AscidicB  simplices. — ^To  treat  Clavellina  and  Perophora  so  that  the 
orifices  shall  remain  open,  first  allow  them  to  expand  in  running  sea 
water  and  then  immerse  them  in  chloral  hydrate  of  0.1  of  1  per  cent,  let- 
ting them  remain  from  six  to  twelve  hours;  then  kill  them  with  chrom- 
acetic  !No.  2  and  immediately  afterwards  transfer  to  chromic  acid  of 
1  per  ceut,  some  of  which  should  be  injected  into  the  interior  of  each 
individual.  After  a  half  hour  transfer  the  animals  to  35  per  cent  alco- 
hol, repeating  the  iDJection  with  that  fluid,  and  finally  to  alcohol  of  70 
per  cent.  Olavellina  rissoana  is  usually  killed  in  acetic  acid;  it  is  not 
necessary  to  inject  each  individual. 

Ascidia  {Phallusia)j  after  from  three  to  six  hours  in  chloral  hydrate 
of  0.1  of  1  per  cent,  is  hardened  for  half  an  hour  in  chromic  acid  of 
1  per  cent,  washed,  and  transferred  to  alcohol. 
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Ciona  intestinalis  is  killed  slowly  by  patting  into  the  water  in  which 
the  animals  have  expanded  a  few  drops  of  the  chrom-acetic  mixtore 
No.  2.  When  the  animal  has  died,  which  happens  in  about  a  half  hour, 
it  is  to  be  taken  by  the  anterior  orifice,  to  avoid  the  discharge  of  the 
water  within,  and  pat  into  chromic  acid  of  1  per  cent,  making  an  injec- 
tion of  the  same  into  the  body  cavity.  The  transfer  to  the  alcohol 
series  should  be  made  in  the  same  way. 

Certain  ascidians  {Ascidia  and  Bhapalea)  are  killed  in  the  following 
manner,  so  as  to  keep  the  orifices  open:  They  should  be  placed  in 
beakers  with  from  4  to  5  cm.  (about  2  inches)  of  sea  water  above 
them.  Theu  slowly  drop  in  1  per  cent  chromic  acid  in  such  a  manner 
as  to  form  a  stratum  on  the  top  of  the  water.  Little  by  little  the 
chromic  acid  will  diffuse  through  the  water,  usually  killing  the  animals 
in  from  twelve  to  twenty-four  hours.  If  the  animals  are  not  dead  by 
that  time,  add  a  little  more  chromic  acid.  Harden  in  chromic  acid  of  1 
per  cent,  wash  in  fresh  water,  and  put  into  alcohol.  The  anifnals  should 
not  rest  against  the  sides  of  the  beaker  during  narcotization.  If  the 
animal  has  not  a  good  base  upon  which  to  stand,  some  clean  sand  may 
be  placed  in  the  bottom  of  the  glass,  in  which  it  can  be  arranged  in  the 
desired  position. 

Molgula,  PolycarpUj  Rhopalea,  and  Cl^evreulius  {Rhodosoma)  must 
remain  for  twelve  hours  in  chloral  hydrate  of  0.1  of  1  per  cent.  Then 
kill  them  in  chrom-acetic  No.  2  and  transfer  at  once  to  1  per  cent 
chromic  acid  for  a  little  time  to  harden. 

Cynthia  and  Styela  are  narcotized  in  0.2  of  1  per  cent  chloral  hydrate 
for  twenty-four  hours  and  then  treated  like  the  last-mentioned  genera. 
Cynthia  papillosay  however,  sometimes  contracts  greatly  when  immersed 
in  chloral  hydrate  of  0.2  of  1  per  cent.  When  it  does,  put  it  back  into 
running  sea  water  to  expand  again,  and  then  try  treating  it  with  0.1 
of  1  per  cent  chloral  hydrate. 

Ascidice  compositor. — ^The  gelatinous  forms — for  example,  the  Botryl- 
lidsB,  PolycycltiSj  Circinaliumj  and  Fragarium — are  allowed  to  lie  in  chlo- 
ral hydrate  of  0.1  of  1  per  cent  for  a  few  days  and  then  are  killed  by 
pouring  hot  saturated  sublimate  over  them.  Immediately  afterwards 
they  are  transferred  to  chromic  acid  of  one-half  of  1  per  cent,  where  they 
are  left  for  a  half  hour  before  they  are  washed  and  transferred  to  alcohol. 

Distapliaj  after  it  has  been  narcotized  with  0.1  of  1  per  cent  chloral, 
is  killed  with  chrom-acetic  No.  2,  washed,  and  put  directly  into  weak 
alcohol. 

Diaaona  vioUicea  should  remain  twelve  hours  in  chloral  hydrate  of  0.2 
of  1  x>er  cent,  and  then  the  killing  and  the  hardening  should  be  done  as 
with  the  BotryllidsB,  except  that  the  individual  animal  should  be  injected 
with  the  liquid.  Small  colonies  may  be  killed  in  acetic  acid  aud  hard- 
ened in  one-half  per  cent  chromic  acid. 

Leptodinum  and  other  forms  of  a  certain  consistency  are  transferred 
from  the  chloral  directly  to  the  alcohol. 
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Pyroaoma  is  sasi>euded  by  a  thread  in  the  mixture  of  alcohol  and 
hydrochloric  acid  Id  a  cyliudrical  jar,  and,  after  a  quarter  of  an  hour,  is 
transferred  to  60  per  cent  alcohol  and  gradually  to  that  which  is 
stronger.  Good  preparations  have  been  made  by  putting  the  colony 
directly  into  50  per  cent  alcohol.  Care  must  be  exercised  to  get  rid  of 
the  minute  air  bubbles  which  are  apt  to  form  on  the  surface  of  the  col- 
ony, though  they  usually  disappear  of  themselves. 

The  SalpidsB  include  animals  of  very  various  consistency,  from  slimy 
to  cartilaginous.  Certain  species,  furthermore,  although  they  have  con- 
sistency when  young,  become  soft  in  the  adult  stages  and  difficult  to 
preserve.  Sometimes  the  Salpas  when  immersed  in  the  fixing  fluid 
contract  greatly,  closing  the  orifices  and  dying  in  this  condition.  This 
may  be  remedied  by  introducing  a  closed  glass  tube  into  one  of  the 
openings,  which,  by  allowing  the  entrance  of  theliquid,  causes  the  animal 
to  resume  its  natural  shape. 

The  species  with  a  hard  body  (Sdlpa  hicaudata  when  solitary  and 
young;  S.tileaij  both  chain  and  solitary  forms;  ^.  ;?onaria,  both  chain 
and  solitary  forms),  are  immersed  in  a  mixture  of  fresh  water  (100 
c.  c.)  and  concentrated  acetic  acid  (10  c.  c),  where  they  remain  for 
fifteen  minutes.  Then  they  are  washed  in  fresh  water  for  ten  minutes, 
and  then  transferred  gradually  to  alcohol,  where  it  is  necessary  to  float 
the  larger  forms  by  means  of  pieces  of  cork  attached  to  them  with 
threads  so  that  the  gelatinous  sac  shall  not  flatten  down  upon  the 
intestinal  nucleus  within.  When  treated  in  this  manner,  the  animals 
remain  very  transparent,  crystals  of  marine  salts  forming  in  the  tissues 
much  less  than  with  the  other  liquids. 

The  forms  of  medium  consistency  (young  chains  and  solitary  indi- 
viduals of  8alpa  maxima  and  8.  pinnata,  young  chains  of  8.  hicaudata^ 
both  the  adult  forms  of  8,fu8iformis  and  8.  democratioa-mucronata)  are 
placed  in  the  chrom-acetic  mixture  Ko.  1  for  ten  minutes  and  then  put 
directly  into  weak  alcohol^ 

The  very  soft  forms  (large  chains  of  8aVpa  hicaudata  and  8,  pumtata^ 
both  forms  of  8.  maxima^  8.  pinnata,  and  8,  virgola)  are  immersed  in 
the  chrom-osmic  mixture  for  from  fifteen  to  sixty  minutes,  according  to 
their  size.  Then  they  are  washed  in  fresh  water  and  transferred  to 
weak  alcohol. 

Very  large  specimens  of  8alpa  maxima  flatten  out  of  their  own 
weight  when  put  into  weak  alcohol.  This  may  be  obviated  by  blowing 
a  few  bubbles  of  air  into  the  cavity  of  the  animal  or  by  putting  therein 
a  tube  of  thin  glass  closed  at  both  ends  to  act  as  a  float.  The  tube  or 
the  bubbles  of  air  should  be  removed  before  the  animal  is  entirely 
hardened. 

Professor  Todaro,  to  preserve  Salpas  for  histological  purposes, 
immerses  them  at  first  in  Kleinenberg's  solution,  and  after  an  hour 
transfers  them  to  alcohol.  When  preserved  in  this  manner,  however, 
all  but  the  hard  species  lose  their  form  entirely. 
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One  can  easily  inject  the  circulatory  system  of  living  Salpas  with 
Prussian  blue  by  placing  the  i)oint  of  a  fine  syringe  in  the  slender 
canal  of  the  heart  and  operating  it  with  a  very  gentle  pressure.  After 
this  the  animals  can  be  treated  by  the  methods  already  detailed,  and 
the  color  will  remain  very  well  after  they  have  beeo  put  into  alcohol. 

The  Doliolids  give  good  preparations  when  killed  with  the  mixture 
of  sulphate  of  copper  and  sublimate,  saturated  sublimate  alone,  or 
with  the  chrom-osmic  mixture.  After  a  few  minutes  wash  the  animals 
thoroughly  with  fresh  water  and  transfer  them  gradually  to  70  per  cent 
alcohol. 

FISH. 

In  general,  fish  present  no  difficulties  in  their  preparation.  If  possi- 
ble, they  should  be  alive  when  put  into  the  fixing  fluid,  because  thus 
only  do  they  preserve  the  shape  of  the  body  well  and  keep  the  tius 
completely  distended.  Those  which  have  been  dead  for  some  time  and 
have  been  left  to  dry,  having  already  lost  much  water,  have  the  fins 
contracted  and  dried,  and  when  placed  in  alcohql  they  contract  still 
more.  To  preserve  dead  fish  for  anatomical  purposes,  inject  them  first 
through  the  anus  with  90  per  cent  alcohol  and  then  put  them  into  that 
of  70  per  cent. 

To  prepare  Amphioxus  with  the  mouth  cirrhi  distended,  the  animals 
are  allowed  to  die  in  sea  water  alcoholized  to  10  per  cent,  and  after 
death,  which  usually  occurs  in  a  few  minutes,  they  are  transferred  to 
alcohol  of  60  per  cent,  and  gradually  to  that  of  70  per  cent.  Miiller's 
solution^  can  also  be  used  for  killing,  if  suitable  for  the  purpose  for 
which  the  animals  are  intended;  but  they  remain  colored,  aud  often 
swellings  are  formed  in  the  sides  of  the  body.  Chromic  acid  of  1  per 
cent  is  sometimes  used  for  the  killing. 

Cyclostomans,  Selachians,  and  Ganoids. — Small  specimens  are  put  at 
once  into  70  per  cent  alcohol.  With  large  specimens  it  is  difficult  for 
the  alcohol  to  penetrate  the  viscera,  and  it  is  necessary  to  make  an 
incision  in  the  belly,  or  else  to  inject  90  per  cent  alcohol  through  the 
anus  repeatedly  and  at  every  change  of  fluid. 

Certain  species  of  soft  consistency,  like  Torpedo^  are  better  fixed  if 
they  are  allowed  to  lie  in  1  per  cent  chromic  acid  for  a  half  hour  before 
they  are  put  into  alcohol. 

Embryos  of  Selachians  (from  1  to  10  c.  m.  in  length)  are  fixed  in  sat- 
urated sublimate,  where  they  may  remain  from  five  to  fifteen  minutes. 
Be  careful  to  wash  well  and  to  make  use  of  the  usual  test  with  iodine. 
When  prepared  thus  they  are  also  good  for  histological  studies.  Fair 
success  has  attended  the  treatment  of  the  embryos  of  Torpedo,  with 
the  entire  yolk  sac  attached,  by  placing  them  for  fifteen  minutes  in  a 
mixture  consisting  of  1  per  cent  chromic  acid  and  saturated  sublimate 

^Potassiam  bichromatey  2  grams;  sodium  sulphate^  1  gram;  distiUed  water,  100 
grams. 
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in  eijual  parts,  theu  washing  them  in  fresh  water  and  patting  them 
into  alcohol. 

If  it  is  desired  to  preserve  moderately  large  Selachians  for  the  future 
preparation  of  the  skeleton  as  well  ^  the  skin,  it  suffices  to  open  the 
belly,  remove  the  intestines,  and  immerse  the  animal  in  a  10  per  <^nt 
solution  of  common  salt. 

The  Teleosts  ape  treated  like  the  Selachians,  but  the  alcohol  i)ene- 
trates  the  tissues  with  still  greater  difficulty,  and  it  is  necessary,  par- 
ticularly with  tlie  larger  forms,  to  make  repeated  injections  of  the  liquid. 
The  Teleosts  with  silvery  skin  {Trachypterus)  are  put  into  saturated 
sublimate  for  a  few  minutes  before  they  are  placed  in  alcohol.  The 
transparent  larval  forms  may  be  put  directly  into  weak  alcohol,  or  may 
be  fixed  first  witli  saturated  sublimate. 

The  transparent  fertilized  eggs  can  be  preserved  for  purposes  of  dem- 
onstration by  allowing  them  to  remain  for  some  minutes  in  the  mixture 
of  alcohol  and  hydrochloric  acid  and  then  transferring  them  to  pore 

alcohol. 
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SHALL  KAMMALS.^ 

For  the  preparation  of  specimens  of  mammals  ranging  in  size  from 
the  smallest  to  those  of  about  10  kilograms  (20  poimds)  weight  the 
following  instruments  and  materials  are  necessary:' 

Scalpel  or  pocketknile  with  small  blade. 

Fine-pointed  forceps. 

Scissors. 

File. 

Metric  rule. 

Dividers. 

Cotton,  tow,  and  excelsbr  for  stufl^g. 

Gralvanized  iron  wire  of  several  sizes,  from  about  No.  15  to  No.  26,  for  feet  and 
tails. 

Combined  cutter  and  pliers  for  manipulating  wire. 

Dry  white  arsenic  for  ordinary  purposes,  or  a  mixture  of  three-fourths  arsenic 
and  one-fourth  powdered  alum  for  use  in  damp,  hot  climates. 

Com  meal,  fine  sawdust,  sand,  or  clean,  dry  earth,  to  be  used  as  an  absorbent. 

Strong  paper  for  labels.' 

Medium  soft  pencil,  or  waterproof  ink. 

Needles  and  thread. 

Pins. 

Alcohol,  formalin,  or  strong  cane  rum. 

A  pair  of  long  forceps  or  ^'stuffers,"  and  a  fat-scraper  will  often  prove  con- 
venient for  use  on  larger  skins. 

Specimens  of  small  mammals  are  to  be  preserved  (a)  as  skins,  (h) 
as  skeletons^  and  (e)  entire  in  alcohol  or  formalin. 

*  Baaed  chiefly  on  personal  experience.  For  valuable  suggestions  regarding  work 
in  tropical  climates  I  am  indebted  to  Mr.  E.  W.  Nelson  and  Mr.  £.  A.  Goldman. 

*  These  supplies  may  be  obtained  from  any  dealer  in  taxidermist's  materials 
at  a  cost  of  about  $6.  Wliile  the  articles  mentioned  are  required  for  carrying  on 
extensive  work,  it  is  possible  to  prepare  a  skin  for  temporary  preservation  (see  p.  12) 
with  no  more  elaborate  outfit  than  a  pocketknife. 

'  Ready-made  tags  and  labels  are  to  be  avoided  except  such  as  have  been  tested  to 
prove  their  water-resisting  qualities.    Pasteboard  labels  should  never  be  used. 
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SKINS. 

Mammals  should  he  shinned  as  soon  a«  possible  after  death.  TTiey 
spoil  much  more  quickly  than  birds. 

In  hot  climates  the  viscera  should  be  removed  from  small  mammals 
immediately  and  the  abdominal  cavity  filled  with  cotton,  tow,  or 
leaves,  a  precaution  especially  important  with  rats,  mice,  shrews,  and 
rabbits,  or  with  any  specimens  that  must  be  kept  over  night  before 
skinning.^ 

When  necessary  the  animal  may  be  freely  injected  with  diluted 
formalin  (see  p.  13)  by  means  of  a  hypodermic  syringe  *  to  procure 
temporary  preservation.  The  objection  to  this  method  is  that  the 
skin  is  often  rendered  so  stifp  as  to  be  difficult  to  manipulate. 

1.  Prepare  two  labels,  one  for  the  skin,  the  other  for  the  skull.  On 
the  skin  label  record:  (a)  Number,  (6)  sex*,  (c)  locality,  (d)  date, 
(e)  name  of  collector,  (/)  length  of  head  and  body  *  (tip  of  nose  to 
base  of  tail,  animal  stretched  straight),  (g)  tail  (turn  tail  at  right 
angles  with  back,  and  measiu'e  with  dividers  from  angle  to  tip),  (A) 
hind  foot  from  heel  to  most  distant  claw  tip.' 

^  SpecimenB  may  be  temporarily  preserved  by  keeping  them  exposed  to  the  fumes 
of  strong  formalin  in  some  tight  receptacle . 

When  small  mammals  must  be  kept  over  night  in  warm,  moist  climates,  it  is  some- 
times advisable  to  make  the  usual  opening  cut  on  the  abdomen  and  after  working  the 
skin  back  a  short  distance  spread  com  meal  underneath.  This  method  obviates  the 
necessity  of  removing  the  viscera,  and  the  underparts  are  less  liable  to  be  soiled  by 
blood.  In  very  dry  climates  this  method  should  not  be  used,  as  the  edges  of  the  skin 
tend  to  dry  very  quickly. 

>  Mulford's  improved  antitoxin  syringe,  which  may  be  purchased  Ux  about  $2.50, 
is  a  good  instrument  for  the  purpose . 

*  <^">male,  9'^{o°^e. 

^  In  North  America  "total  length  "  (from  tip  of  nose  to  tip  of  tail  vertebrss)  is  to  be 
preferred. 

*  This  measurement  of  the  hind  foot  should  always  be  used  for  specimens  collected 
in  North  and  Middle  America.  In  other  regions  the  measurement  ''without  claw " — 
that  is,  from  heel  to  extremity  of  pad  beneath  claw  of  longest  toe — may  be  substituted. 
If  a  National  Museum  label  is  used  the  data  should  be  arranged  as  shown  on  the 
accompanying  forms: 


United  StatoB  Natioiial  Mtueom. 


Kentnoky:  Lexington,  Noyember  17, 1898. 


I 


Edgar  A.  Meamt. 
180-«2-a0.2. 


iTniformity  in  this  respect  is  very  desirable.  Nothing  should  ever  be  written  in 
the  space  between  the  words  ''United  States"  and  "National  Museum,"  ot  on  the 
first  line  other  than  the  sex-mark  at  extreme  right.  The  native  or  local  name  of  an 
animal  is  always  worth  recording.  It  should  be  written  on  the  back  of  the  label; 
never  on  the  front. 
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All  measubements  to  be  made  exclusive  of  haib,  and  with 
THE  GREATEST  POSSIBLE  ACCXJBACY.  They  should  be  recorded  in 
millimeters,  whenever  this  is  practicable. 

On  the  skull  label  record :  (a)  Same  number  as  that  on  skin ;  (fi) 
collector's  name  or  initials.  Both  labels  should  be  made  of  strong 
paper,  and  the  writing  on  the  skull  label  should  be  in  pencil  (heavily 
marked)  or  waterproof  ink. 

The  careful  preparation  of  labels  is  a  matter  of  the  utmost  impor- 
tance, and  by  its  neglect  an  otherwise  good  specimen  may  be  rendered 
worthless. 

2.  Lay  the  animal  on  its  back.  Make  an  incision  in  median  line  of 
belly,  extending  from  middle  of  breastbone  to  near  base  of  tail. 
Work  the  skin  loose  at  one  side  until  a  hind  leg  is  exposed.  Push  the 
leg  from  the  outside  and  pull  it  from  the  inside,  at  the  same  time 
stripping  skin  back  until  loosened  as  far  as  heel.  Then  if  the  animal 
is  smaller  than  a  house  rat,  cut  off  the  leg  (with  scissors),  flesh,  bone, 
and  all,  a  little  above  heel,  taking  care  not  to  injure  the  skin.  In 
larger  animals  the  flesh  should  be  cut  through  to  the  bone  at  heel  and 
stripped  upward  to  knee,  where  the  bone  is  to  be  disjointed.  The 
same  course  may  be  followed  with  smaller  specimens,  but  it  takes 
more  time,  without  materially  improving  the  result,  except  when 
the  specimens  are  intended  for  mounting.  In  animals  weighing  £.6 
kilograms  {6  pounds)  or  more  the  process  of  skinning  should  be  con- 
tinued to  the  toes,  and  the  larger  muscles  removed  from  the  foot,  the 
bones  of  which  are  to  be  left  in  place.  Repeat  the  process  with  the 
other  leg. 

3.  After  the  hind  legs  are  finished,  skin  around  base  of  tail  and  across 
rump.  Then  seize  the  tail  bones  lightly  with  forceps  or  a  split  stick 
held  close  against  inner  surface  of  skin  with  the  left  hand,  and  with 
the  right  hand  draw  the  bones  out  of  the  skin.  The  finger  nails  of 
the  left  hand  will  often  prove  more  convenient  than  forceps  for  strip- 
ping the  tail.  This  process  may  be  troublesome  at  filrst,  but  it  seldom 
presents  any  real  difficulty  except  in  the  case  of  certain  rather  large 
mammals,  such,  for  instance,  as  beavers  and  porcupines.  With  these 
it  is  necessary  to  slit  the  skin  of  the  tail  along  the  underside  before  the 
bones  can  be  removed,  a  procedure  to  be  avoided  whenever  possible, 
though  always  preferable  to  allowing  the  bones  to  remain  in  the  tail. 
Splitting  the  tail  of  small  carnivores  and  large  rodents,  in  which  there 
may  be  much  fat,  is  often  necessary  in  order  that  the  grease  may  be 
properly  removed. 

4.  Hold  the  body  by  the  hind  quarters  grasped  in  the  right  hand, 
and,  with  the  fingers  of  the  left  hand  drawing  with  an  equal  pressure 
on  aU  sides  simultaneously,  slip  the  skin  back  until  the  front  legs 
appear.  With  larger  specimens  it  may  be  more  convenient  to  hold 
the  skin  in  the  left  hand  and  let  the  body  hang  over  the  edge  of  the 
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table  or  any  other  support  while  with  the  right  hand  the  skin  is 
loosened  around  the  circle  of  contact.  By  cutting  carefully  close 
to  the  skin  much  fat  that  would  otherwise  adhere  to  the  skin  may  be 
left  on  the  body.  However  the  animal  is  held,  it  must  be  remembered 
tJuU  aU  tension  must  he  applied  at  the  line  of  conta^^  hettveen  the  body  and 
the  loosened  shin;  otherwise  serious  stretching  will  result,  and   a 

STEETCH  IS  FAB  MORE  SERIOUS  THAN  A  CUT. 

5.  On  reaching  the  front  legs  draw  them  out  from  the  skin  and 
treat  exactly  as  has  already  been  done  with  the  hind  legs. 

6.  Slip  the  skin  off  until  it  binds  at  the  bases  of  the  ears.  Cut 
through  these  carefully  (with  knife)  so  as  to  injure  neither  skin  nor 
bone.  (It  may  be  found  that  the  ears  can  be  more  readily  loosened 
with  forceps  or  finger  nails.)  A  short  distance  in  front  of  the  ears 
the  eyes  will  be  encountered.  Work  the  skin  as  far  forward  as  pos- 
sible with  the  fingers  of  the  left  hand,  and  cut  close  to  bone  with 
knife  held  in  right  hand.  The  membranes  will  thus  be  divided  with- 
out injuring  the  eyelids.  Considerable  practice  will  probably  be 
necessary  before  this  can  be  done  rapidly  and  safely.  Cut  away  the 
skin  from  the  skull  until  the  lips  are  reached.  These  are  to  be  care- 
fully separated  from  the  jaws  and  gums  until  the  skin  finally  hangs 
attached  by  the  nose  only.  Cut  through  the  cartilage  of  the  nose, 
taking  care  not  to  injure  the  delicate  nasal  bones  or  the  skin  of  the 
muzzle,  and  the  operation  of  removing  the  skin  is  completed. 

7.  Examine  inside  of  skin  and  remove  scraps  of  flesh  and  loose 
tissue.  Ordinarily  no  further  treatment  will  be  necessary.  The 
skins  of  many  mammals,  however,  are  lined  with  a  thick  coat  of  fat. 
All  fat  must  be  removed.  This  can  be  done  only  by  thorou^ily 
scraping  the  inside  of  the  skin  with  knife  and  scraper,  a  tiresome  but 
necessary  operation.  The  free  use  of  an  absorbent,  such  as  com  meml 
or  sawdust,  will  facilitate  the  process,  and  the  whole  skin  may  after- 
wards be  cleansed  by  washing  it  thoroughly  with  strong  soap  and  water 
just  as  one  might  do  with  a  greasy  rag,  but  with  great  care  not  to 
stretch  the  skin.  When  washed  the  skin  should  be  dried  by  rubbing 
in  fine  di^  earth,  sand,  or  sawdust.  Great  care  must  be  taken  not  to 
stretch  the  skin  during  the  process  of  scraping.  After  the  inside  of 
the  skin  is  properly  cleaned  it  is  to  be  poisoned.  For  this  purpose  dry 
arsenic  is  ordinarily  sufficient,  but  a  mixture  of  arsenic  and  powdered 
alum  should  always  be  used  in  damp  climates,  and  especially  in  the 
humid  Tropics.  Dip  the  skin  in  the  box  or -paper  containing  the 
preservative  and  turn  it  about  so  that  aU  parts  are  covered  wUh  the 
poison.  Dampen  the  surface  of  the  skin  if  it  is  so  dry  that  the 
powder  does  not  adhere  freely,  or,  if  preferred,  the  arsenic  may  be 
wet  with  alcohol  and  applied  with  a  brush. 

When  the  skin  is  poisoned,  turn  it  right  side  out.  The  simplest 
way  to  do  this  is  to  reach  in  from  behind  with  forceps,  seize  the  nose, 
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and  draw  it  out.  Draw  the  feet  and  tail  out  to  their  natural  length, 
and  see  that  the  ears  are  in  place.  If  any  blood  has  soiled  the  fur,  it 
may  be  removed  by  washing,  after  which  the  hair  is  readily  dried 
by  an  absorbent  (preferably  fine  dry  earth,  com  meal,  or  sawdust), 
which  should  be  rubbed  in  with  the  hands  and  shaken  out  several 
times,  until  the  hair  becomes  dry,  loose,  and  free  from  the  absorbent 
material.  Small  spots  of  blood  can  often  be  removed,  when  thor- 
oughly dry,  by  brushing  with  a  stiff  brush  (a  toothbrush  is  best), 
without  previous  washing.  Very  bloody  specimens,  or  those  exten- 
sively  soaked  with  fat,  should  always  be  thoroughly  washed  both 
inside  and  out  with  soap  and  water  before  poisoning.  They  are  then 
best  dried  by  the  use  of  an  absorbent  or  by  exposure  to  a  strong 
current  of  air. 

8.  Cut  and  straighten  five  pieces  of  galvanized-iron  wire,^  one  long 
enough  to  reach  from  tip  of  tail  to  middle  of  body  and  slender  enough 
to  fit  into  extreme  tip  of  tail  (file  the  point  a  little,  if  necessary),  two 
long  enough  to  reach  from  palm  to  middle  of  body,  and  two  long 
enough  to  reach  from  upper  surface  of  hind  foot  to  middle  of  body. 
The  four  leg  wires  should  be  just  siifficiently  heavy  to  give  stiffness 
to  the  legs  and  protect  the  feet  from  injury  when  the  skin  is  dry.  A 
single  wire  for  both  legs  of  each  side  should  be  used  in  rabbits  or 
other  thin-skinned  animals  in  which  unusual  support  for  the  legs  is 
required.  The  size  of  the  wires  needed  can  beet  be  learned  by  prac- 
tice, though  the  following  notes  will  serve  as  a  guide: 

Mouse:  Legs,  No.  23;  tail.  No.  23  or  No.  22. 

Rat  or  small  squirrel:  Legs,  No.  20  or  No.  18;  tail.  No.  18. 

Large  squirrel,  rabbit,  woodchuck,  skimk:  Legs,  No.  17  or  No.  15; 
tail.  No.  15. 

For  very  small  mice  and  shrews.  No.  24  wire  may  be  used  for  the 
tail  and  No.  24  or  26  wire  (or  Carlsbader  insect  pins  No.  4)  for  the 
l^s. 

No  wiBEs  THAT  WILL  BUST  SHOULD  EVER  BE  USED;  galvanized-irou 
wire  is  preferable  to  all  others.  Splinters  of  tough  wood  or  bamboo 
are  often  a  convenient  substitute  for  wire  in  the  legs. 

9.  Cut  off  the  skull  and  remove  an;  loose  flesh,  but  under  ordinary 
conditions  do  not  attempt  to  remove  the  eyes,  tongue,  large  musdes,  or 
brain  of  any  animal  smaller  than  a  rat,  as  these  parts  can  be  readily 
dried  by  artificial  heat  or  direct  simlight.  With  larger  specimens 
some  of  the  flesh  must  be  cut  away  to  prevent  decay,  and  the  brain 
shoidd  be  removed  through  the  nalurdl  orijice  at  back  of  sJeutt,  which 
must  never,  under  any  circimistances,  be  artificially  enlarged.  The 
brain  can  be  readily  washed  out  with  no  injury  to  the  skull,  particu- 

>  When  many  akma  are  to  be  prepared  it  wiU  be  found  a  great  convenience  to  keep 
on  hand  a  supply  of  ready-cut  wires  of  various  lengths,  which  may  be  sdected  as 
required. 
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larly  if  a  jet  of  water,  as  from  a  syringe  or  faucet,  is  available.  A 
piece  of  wood  whittled  flat  and  used  as  a  spoon,  or  a  wire  bent  into  a 
small  loop  at  one  end  can  be  used  to  work  out  the  brain.  In  tropical 
countries  or  very  damp  climates  persons  having  sufficient  skill  to  do 
so  without  danger  of  injuring  the  specimen  should  remove  the  eyes, 
tongue,  brain,  and  all  the  large  muscles,  as  the  skulls  will  otherwise 
become  very  offensive.  Inexperienced  coUebtors  should  preserve 
the  skulls  in  diluted  formalin  (see  p.  13),  alcohol,  strong  cane  rum, 
or  a  solution  of  arsenic  in  water,^  taking  care  to  label  them  with 
pencil  or  waterproof  ink  on  stiflf  paper  (not  pasteboard),  or  preferably 
with  numbers  scratched  or  punched  on  strips  of  tin.  Skulls  placed 
in  formalin  should  be  removed  after  two  days  and  dried.  Fasten  the 
skull  label  securely  and  place  the  skull  where  it  will  dry  as  quiMif  as 
possible.  Unless  they  are  drying  very  rapidly  it  will  be  necessary  to 
protect  small  skulls  from  flies.  Never  pvi  salt  or  alum  on  a  shvM, 
The  skull  label  is  best  fastened  by  seizing  one  end  of  its  thread  between 
the  tips  of  a  pair  of  fine-pointed  forceps,  with  which  the  thread  is 
pushed  through  the  flesh  at  the  fork  of  the  jaws  and  out  at  the  mouth, 
the  two  ends  then  securely  tied.  Any  other  method  that  may  be 
found  in  particular  cases  to  give  security  is  equally  satisfactory;  but 
under  no  circumstances  should  the  label  be  tied  to  the  cheek  bone 
except  in  specimens  large  enough  to  be  safe  from  all  danger  of  break- 
ing. In  any  case  the  label  should  be  tied  close  to  the  bone,  leaving 
the  least  possible  slack,  and  the  thread  should  always  be  cut  off  neatly. 

When  many  skulls  are  to  be  cared  for  at  once  they  may  be  conven- 
iently treated  by  "stringing"  on  a  cord  or  wire  passed  through  the 
loops  by  which  the  labels  are  attached'  (never  through  the  fork  of  the 
lower  jaw).  The  "strings"  can  be  hung  before  a  fire  or  in  the  sun- 
%ht — wherever  the  skulls  will  dry  most  rapidly  and  thoroughly. 
Care  must  be  taken  that  they  are  not  stolen  by  cats,  rats,  or  dogs. 

10.  Tear  off  a  piece  of  cotton  slightly  larger  than  the  body  of  the 
animal.  The  exact  size  required  can  only  be  learned  by  practice. 
Roll  it  roughly  into  shape  and  grasp  its  whole  length  with  the  for- 
ceps. If  the  forceps  are  too  short  for  this,  seize  it  by  the  end  which 
is  to  go  into  the  head.  Holding  the  cotton  body  by  the  forceps  in 
the  right  hand,  slip  the  skin  on  with  the  left  until  the  points  of  the 
forceps  have  reached  the  mouth.    Then  grasp  the  head  with  the 

^  ThiB  IB  not,  strictly  speaking,  a  solution.  When  powdered  white  arsenic  is  stirred 
in  water  (about  a  teaspoonful  to  a  quart)  enough  is  held  in  suspension  to  make  a  strong 
preservative  fluid. 

'  Or  preferably  throu^  a  special  loop  (shown  in  fig.  1)  made  by  tying  togethtf  the 
loose  ends  of  the  thread  after  the  label  is  fastened.  By  cutting  this  loop  any  skull 
that  is  specially  needed  may  be  removed  without  loosening  its  label  or  interfering 
with  the  other  specimens.  It  is  a  great  conv^ence  to  have  skulls  arranged  on  the 
wires  in  numerical  order. 
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fingers  of  the  left  hand  firmly  enough  to  hold  the  cotton  filling  in 
place.  Remove  the  forceps  and  with  the  right  hand  work  the  skin 
bctck  over  the  artificial  body.  This  method  of  slipping  the  skin  onto 
the  body  obviates  the  risk  of  stretehing  incurred  in  an  attempt  to 
push  the  body  into  the  skin.  For  animals  larger  than  a  squirrel, 
stuffing  of  excelsior  or  tow  is  preferable  to  that  made  of  cotton,  as  it 
permits  more  rapid  and  thorough  drying  of  the  skin. 

11.  When  the  artificial  body  is  in  place,  the  wires  are  to  be  inserted 
in  the  legs  and  tail.  Tear  off  a  bit  of  cotton  large  enough  to  fill  the  skin 
of  the  leg,  and  to  extend  well  into  the  body  cavity.  Then  lay  a  wire  on 
it,  letting  one  end  project  a  short  distance  beyond  the  edge  of  the  cot- 
ton. Now  twirl  the  wire  with  the  fingers  of  the  right  hand,  at  the 
same  time  pressing  lightly  with  those  of  the  left  over  the  edge  of  the 
cotton  nearest  the  free  end  of  the  wire.  The  fibers  will  soon  become 
wrapped  about  the  wire  at  this  point,  so  that  the  whole  mass  of  cotton 
will  revolve  with  the  wire,  though  fastened  to  it  in  a  narrow  region 
only  and  elsewhere  standing  out  in  a  light,  elastic  mass. 

Insert  the  wire  into  the  position  formerly  occupied  by  the  leg  bone 
(or  alongside  the  bone  if  this  has  been  left  in)  and  drive  the  point 
securely  into  foot,  taking  care  not  to  distort  hed.  In  the  hind  1^ 
tiie  point  of  wire  should  invariably  be  inserted  along  upper  side  of 
foot;  to  insert  it  in  sole  injures  the  specimen.  If  the  cotton  has  been 
securely  fastened,  it  will  be  carried  with  the  wire,  so  that  it  will 
now  shape  itself  to  the  inside  of  the  skin  and  fill  out  the  leg  to  its 
original  size.  With  animals  the  size  of  a  skunk,  woodchuck,  or  rabbit 
(in  which  the  leg  bones  are  invariably  to  be  left  in  place)  it  wiU  be 
found  more  convenient  to  insert  the  wire  first  and  then  wrap  wire  and 
bone  together  to  the  required  size  and  form.  No  wrapping  is  needed 
on  the  wires  of  fore  legs  in  mammals  of  the  smallest  sizes. 

The  wire  nvust  invariably  he  vmipped  wi(h  cotton  before  insertion 
into  closely  furred  or  naked  tails.  To  wrap  a  tail  wire  requires  con- 
siderable practice.  The  process  is  exactly  like  that  of  wrapping  a  1^ 
wire,  except  that  a  long  shred  of  cotton  of  very  good  quality  must  be 
selected,  and  this  twisted  about  the  wire,  tightly  at  the  end  that  is  to 
go  to  the  tip  of  the  tail,  more  loosely  toward  tiie  base,  so  as  to  pro- 
duce a  tapering  form  like  that  of  the  tail  bones.  Tlie  tip  of  tail 
wire  must  project  slightly  beyond  the  cotton.  Before  inserting  the 
wrapped  tail  wire  it  should  be  powdered  with  arsenic.  Great  care  is 
necessary  in  inserting  a  wrapped  tail  wire.  If  the  wrapping  is  too 
dense  and  thick  it  may  stretch  or  break  the  tail.  If  it  is  not  suffi- 
ciently firm  it  may  tear  and  leave  the  tail  collapsed  and  unfiUed  at  the 
base  or  near  the  middle.  The  free  end  of  tail  wire  should  extend 
about  to  anterior  extremity  of  opening  in  skin.  Bending  it  horizon- 
tally into  a  loop  will  give  better  support  when  skin  is  sewed  up,  but 
this  is  ordinarily  not  required. 
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12.  Tie  skin  label  securely  to  the  right  hind  leg  close  above  the  heel. 
Allow  it  enough  play  so  that  both  back  and  front  may  be  readily 
examined,  but  not  enough  to  tangle  with  the  labels  of  other  specimens. 

13.  Arrange  the  leg  wires  neatly  so  that  the  legs  will  be  held  par- 
allel with  the  body.  The  front  feet  are  to  be  brought  close  to  the  sides 
of  the  neck  and  the  hind  feet  stretched  out  backward  alongside 
the  tail.  If  necessary,  fill  in  with  bits  of  cotton  to  shape  the  thighs 
and  nmip  to  their  natural  form.  Lay  the  end  of  the  tail  wire  along 
the  middle  of  the  artificial  body,  and  over  it  (the  skin  lying  on  its 
back)  place  a  sheet  of  cotton  thick  enough  to  fill  out  the  belly  without 
stretching  it.  Tuck  the  edges  of  thi3  layer  of  cotton  imder  the  edges 
of  the  cut  in  the  skin,  so  that  all  lies  smooth.  Arrange  the  cotton  in 
the  head,  and  straighten  the  skin  about  the  eyBs.  Sew  up  the  cut  in 
the  belly  and  take  a  stitch  in  the  lips  to  hold  the  mouth  shut.  CThis 
may  be  done  before  the  skin  is  turned  right  side  out,  but  it  is  often 
convenient  to  have  the  mouth  open  during  the  final  shaping  of  the 
head.) 

Do  not  force  in  aU  the  stuffing  that  a  shin  vnU  hold. 

Do  not  leave  a  shin  half  filed  and  covered  toith  wrinkles. 

A  properly  made  skin  should  give  essentially  the  same  measure- 
ments as  those  taken  from  the  fresh  specimen.  Small  skins  should  be 
filled  out  to  the  natural  form  of  the  animal,  but  those  as  large  as  a 
skunk  or  woodchuck  should  be  flattened  so  that  their  greatest  depth 
is  not  more  than  50  nmi.  (2  inches).  For  tliis  purpose  a  weight  may 
be  placed  upon  them  while  drying. 

14.  Lay  the  skin  on  a  flat  surface,  preferably  of  soft  wood,  to  dry. 
The  proper  position  is  shown  in  the  accompanying  illustration  (fig. 
1.)  Pin  the  feet  with  soles  down,  so  that  the  toes  are  held  perfectly 
straight.  If  the  tail  does  not  lie  as  it  should,  it  may  be  held  in  place 
by  pins  driven  into  the  board  beside  it. 

The  final  shaping  is  to  be  given  as  the  skin  is  pinned  down.  See 
that  the  feet  do  not  project  at  the  sides  beyond  the  line  of  the  body. 
Also  make  the  sides  of  the  body  parallel,  so  that  the  thighs  are  not 
broader  than  the  shoulders. 

When  practicable,  it  is  recommended  to  fold  the  ears  of  small 
rodents  smoothly  backward,  holding  them  in  place  until  set  by  means 
of  a  band  of  paper,  as  shown  in  the  illustration  (fig.  1). 

15.  When  the  skin  is  pinned  down,  lay  it  away  to  dry.    Nevbb  dbt 

A  SKIN  IN  DIBBOT  SUNLIGHT  ^  OB  BY  ABTIFIOIAL  HEAT.     An  exception  tO 

this  rule  must  be  made  in  very  damp  climates.    Here,  however,  the 

'  In  damp  climates,  or  whenever  it  may  be  necessary  to  dry  specimens  quickly, 
it  is  well  to  place  them  where  they  will  receive  the  heat  from  the  sun,  pro- 
vided they  are  protected  by  a  paper  or  other  light  covering  from  the  direct  sunlight. 
If  exposed  to  the  direct  rays  of  the  sun,  the  skins  become  waiped  and  twirt«d  from  the 
too  rapid  drying  of  the  back. 
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artificial  heat  employed  should  be  as  slight  as  possible.  A  swinging 
shdf  hung  near  the  ceiling  of  the  room  in  which  cooking  is  done  will 
be  foimd  a  convenient  place  for  drying  skins  in  damp  tropical  coun- 
tries. Care  should  be  taken  to  avoid  all  danger  of  allowing  powdered 
arsenic  to  fall  into  food.  In  hot  climates  skins  must  always  be  dried 
where  there  is  a  free  circulation  of  air,  otherwise  they  will  probably  spoil. 

As  soon  as  the  skin  is  thoroughly  dry,  remove  it  from  the  drying 
board  and  the  preparation  of  the  specimen  is  completed.  Specimens 
may  be  shipped  in  any  strong,  light  box,  but  in  tropical  coimtries  this 
should,  if  possible,  be  lined  with  zinc  or  tin.*  Wrap  each  specimen 
separately  in  paper  and  pack  closely  and  smoothly.  In  tropical  coun- 
tries, to  lessen  the  danger  from  attacks  of  insects,  skins  should  not  be 
boxed  until  ready  to  ship,  and  frequent  examination  for  ants  should 
be  made.  Naphthalin  and  bisulphide  of  carbon  are  valuable  for  driv- 
ing out  or  killing  insects.  In  using  bisulphide  of  carbon  it  should  be 
constantly  kept  in  mind  that  this  substance  is  excessively  explosive 
as  well  as  poisonous.  Never  under  any  circumstances  paint  earSf  feet, 
or  other  parts  of  sTdn  with  corrosive  sviKmaie.  If  special  protection 
against  insects  is  required  use  a  wash  of  arsenic  water  (p.  8,  footnote). 

Slight  variations  in  the  details  of  the  foregoing  directions  will 
naturally  suggest  themselves.  They  need  no  special  remark  here. 
Some  difficulty,  however,  may  be  found  in  preparing  the  skins  of 
BATS.  These  animals  are  to  be  skinned  as  already  directed,  except 
that  aU  of  (he  bones  of  the  legs  and  wings  must,  when  unbroJcen,  be 
left  in  place.  Fold  the  wings  close  to  sides  of  body  and  lay  skin  in 
position  shown  in  illustration  (fig.  1).  The  tail  wire  and  bones  of 
the  legs  and  wings  are  not  to  be  wrapped  with  cotton,  as  this  inter- 
feres with  the  subsequent  study  of  the  specimen. 

Bat  skins  from  all  localities  are  much  needed.  At  least  one-half 
of  every  series  should,  when  possible,  be  preserved  in  this  way;  the 
remainder  may  be  kept  in  alcohol  or  formalin.  In  tropical  countriea 
particularly  the  first  specimen  procured  of  any  species  of  bat  should 
be  preserved  in  alcohol  or  formalin. 

Temporary  preservation  of  sTdns. — For  various  reasons  it  is  often 
impracticable  to  prepare  a  specimen  completely.  In  such  cases  skins 
may  be  temporarily  preserved.  Measure  the  animal  carefully  and 
label  the  specimen  so  that  there  can  never  be  any  doubt  as  to  its  his- 
tory. If  measuring  implements  are  not  at  hand,  the  dimensions  may 
be  indicated  by  lines  on  a  strip  of  paper  or  by  knots  in  a  piece  of  cord. 
Remove  skin  as  already  directed,  poison  it,  and  turn  it  inside  out  to 
dry.  If  arsenic  can  not  be  had,  use  salt  or  alum,  or  even  no  preserva- 
tive at  all,  but  never  let  any  alum  touch  the  skull.  Small  skins  should 
be  thoroughly  dried ;  but  larger  ones,  if  covered  with  salt  well  rubbed 

^  Before  packing  in  metal-lined  boxes,  specimens  must  be  dried  with  unusual  care 
to  prevent  damage  from  molding  while  in  transit. 
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in  may  with  safety  be  shipped  to  considerable  distancefi,  if  sent  with- 
out delay.  The  same  care  should  be  taken  in  measuring  and  labeling 
specimens  that  are  temporarily  preserved,  and  in  preparing  the 
skulls,  as  in  the  case  of  those  made  up  in  complete  form. 

SBZELBTONS. 

To  prepare  skeletons  of  small  manmials  in  the  field,  remove  the  ekia 
B8  already  directed,  but  cut  through  the  skin  iteelf  at  ankles  and 
wrists,  leaving  the  feet  attached  to  the  legs.  Then  remove  the  viscera 
and  larger  muscle  masses,  but  not  enough  to  disjoint  any  part  of  the 
body.  Make  up  the  skin  roughly  and  preserve  it  as  an  aid  to  identifi- 
cation. Dry  the  skeleton  quickly  and  thoroughly,  but  before  drying 
soak  it  in  cold  water  for  several  hourd,  if  practicable,  to  remove  the 
blood.  Never  use  formalin  to  preserve  skeletons  or  specimens  in- 
tended to  be  used  for  skeletons.  If  such  material  can  not  be  kept 
dry,  it  should  be  placed  in  alcohol  or  arsenic  water  (p.  S,  footnote). 

BPBOIUBNS    IN    ALCOHOL   OB    FORMALIN. 

Alcohol  and  formalin  are  not  used  at  their  full  strength.  Add  to 
commercial  alcohol  (95  per  cent)  one-fifth  its  volume  of  water.  Add 
to  commercial  formalin  '  twenty  times  (or  in  tropical  climates  twelve 
or  fifteen  times)  its  volume  of  water.  Label  specimens  with  pencil 
or  waterproof  ink  on  stiff  paper  (not  pasteboard).  Open  the  ab- 
dominal cavity  so  that  the  prsiervative  fiuid  may  penetrate  freely, 
but  do  not  remove  any  of  the  viscera.  Wtt  the  fur  thoroughly  to 
base  vjUh  water  or  alcohol  before  specimens  are  placed  in  formalin. 
At  first  keep  specimens  covered  by  at  least  four  times  their  volume  of 
fiuid.  Less  is  required  after  they  are  thoroughly  preserved.  SpecL 
mens  that  have  been  preserved  for  not  less  than  a  week  may  be  safely 
shipped  in  tight  jars,  cans,  or  bladders,  if  wrapped  (to  prevent 
abrasion)  in  cloth,  tow,  or  cotton  batting,  dampened  with  the  pre- 
servative fluid. 

In  tropical  countries,  where  formalin  may  not  be  obtainable,  and 
alcohol,  if  to  be  had  at  all,  is  very  expensive,  cane  rum  may  be  used 
as  a  substitute,  though  specimens  preserved  in  it  should  be  trans- 
ferred to  alcohol  for  permanent  storage.  Only  the  strongest  grades 
of  rum  should  be  used. 

LAAOE  KAKMALS.' 

Ilie  treatment  of  mammals  larger  than  those  dealt  with  in  the 
preceding  section  varies  considerably  according  to  the  sis'"  "'  +'"^ 
specimens,  the  conditions  under  which  they  are  collected, 

'  This  is  ft  40  per  cent  (saturated)  aqueoue  solution  of  formaldehyde 
oftAD  sold  under  the  nftme  of  formaldehyde, 

'Based  mainly  on  notes  furnished  by  Hr.  George  B.  Turner,  chief  t 
United  States  National  Museum,  and  Hr.  Edmund  Heller,  uatnnlist,  8 
African  Expedition. 
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results  which  it  is  intended  to  obtain.  Such  specimens  may  be  pre- 
served as  (a)  flat  skins  and  (6)  cased  skins,  the  essential  difference 
being  that  flat  skins  are  prepared  by  opening  sufficiently  to  lie  flat 
when  dried,  while  cased  skins  are  opened  as  little  as  poesible, 
so  that  the  original  form  may  be  retained.  In  general  the  second 
method  is  never  to  be  preferred  except  for  skins  that  are  especially 
intended  to  be  preserved  in  brine  and  used  for  mounting.  Flat  skins 
are  more  convenient  for  study,  they  require  less  expenditure  of  time 
in  preparation,  and  they  may  be  transported  dry,  or  salted  and  baled 
without  drying.  Often  the  two  methods  may  be  combined,  as  when 
the  neck  is  "cased"  and  the  legs  preserved  flat.  Whichever  method 
is  adopted  it  must  be  remembered  that  the  secret  of  success  lies  in  the 
complete  skinning  out  of  all  parts  that  can  be  skinned,  and  in  atten- 
tion to  the  process  of  salting,  particularly  in  its  early  stages. 

MEASUREMENTS. 

When  large  specimens  are  not  intended  for  moimting  the  only 
measurements  required  are  the  same  as  those  needed  with  small 
mammals — head  and  body,  tail,  and  hind  foot  (Nos.  1,  2,  and  3  on 
diagram,  fig.  2).  To  these  may  be  added  No.  22,  height  at  shoulder. 
In  the  case  of  sldns  specially  prepared  for  moimting,  however^  many 
other  dimensions  are  necessary  for  the  guidance  of  the  taxidermist. 
These  are  indicated  on  the  diagram,  figure  2,  which  is  self-explana- 
tory.^   It  may  be  remarked,  however,  that  the  depths  are  to  be  taken 

'  The  measurements  on  chart  are  numbered  to  indicate  their  relative  importance. 

1.  Head  and  body.    (Better  taken  along  curve  of  back,  the  animal  being 

placed  with  backbone  as  much  straightened  as  possible.) 

2.  Tail. 

3.  Hind  foot. 

4.  Head  of  humerus  to  head  of  femur. 

5.  Head  of  humerus  to  ear  pit. 

6.  Thickness  through  body  at  head  of  femur. 

7.  Thickness  through  body  at  head  of  humerus. 

8.  Circtmiference  at  middle  of  body. 

9.  Depth  of  body  just  back  of  elbow. 

10.  Gircimiference  of  neck. 

11.  Depth  of  neck  at  base. 

12.  Head  of  femur  to  middle  of  shoulder  blade. 

13.  Ear  pit  to  middle  of  shoulder  blade. 

14.  Thickness  through  body  at  front  end  of  pelvis. 

15.  Thickness  through  body  at  rear  end  of  pelvis. 

16.  Brisket  to  head  of  femur. 

17.  Brisket  to  ear  pit. 

18.  Gircimiference  at  base  of  neck. 

19.  Gircimiference  of  body  just  back  of  elbow. 

20.  Depth  of  body  at  middle. 

21.  Depth  of  neck  at  middle. 

22.  Height  at  shoulder. 

Two  useful  measurements  not  mentioned  in  the  list  are:  Distance  fiom  head  of 
mur  to  front  of  pelvis  and  distance  from  head  of  femur  to  back  of  pelvis. 
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between  uprights,  and  not  following  the  outline  of  the  body.  The 
depth  is  therefore  not  half  the  circumference  at  a  given  level.  In 
preparing  this  diagram  it  has  been  assumed  that  the  skull  and  a  set 
of  leg  bones  are  to  be  preserved  with  the  skin.  If  the  skeleton  of  the 
limbs  is  not  kept  it  is  necessary  to  record  the  length  of  each  in- 
dividual long  bone,  and.  of  the  toe  bones  if  these  are  not  left  in  the 
skin. 

FLAT   SKINS. 

The  main  incision  is  made  on  the  under  side  of  the  animal,  extend- 
ing from  tip  of  tail  to  some  point  between  forelegs  or  farther  forward 


Fio.  3.— Diagram  of  incisions  for  flat  skin  of  large  mamma]. 

as  may  be  desired,  though  i;he  lower  lip  should  never  be  divided 
except  in  the  very  largest  species.  Posteriorly  it  should  pass  a  Utile 
to  one  side  of  the  middle  line  to  avoid  injury  to  the  sexual  organs. 
Secondary  incisions  should  pass  from  heel  (or  in  hoofed  animals 
from  back  of  hoof)  along  posterior  surface  of  lower  leg  and  inner 
surface  of  thigh  to  join  the  main  cut  (fig.  3).^    The  feet  should  always 

^  In  carnivores,  primates  and  large  rodents  the  incision  is  to  be  continued  down-- 
ward  across  sole  (or  along  edge  of  sole  if  there  are  conspicuous  pads  which  might  be 
injured  by  a  median  cut). 
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be  skinned  to  base  of  claws  or  hoofs  to  insure  thorough  salting  and 
drying.  To  remove  skin  from  head  of  animals  with  horns  or  antlers 
various  special  cuts  are  required  on  the  crown,  the  exact  nature  of 
which  wUl  depend  on  the  case  in  hand.  The  method  generally 
used  consists  of  a  longitudinal  cut  along  the  median  line  of  the  occi- 
put joined  in  front  by  a  diagonal  cut  from  each  horn  base  (fig.  4). 
After  these  incisions  are  made  the  skin  is  cut  away  from  each  horn 
base  and  the  head  is  skinned  back  to  the  condyles  and  then  disjointed 
from  the  neck.  The  head  is  then  completely  skinned  out,  care  being 
taken  to  cut  off  the  lips  and  muzzle  well  back  in  the  mouth  so  as  to 
leave  a  wide  border  of  inner  surface  of  lip.  After  the  lips  are  split 
the  nostrils  are  treated  by  dividing  the  median  cartilage  down  to  the 
tip  of  the  muzzle.  The  small  folds  at  the  tip  of  the  muzzle  should 
be  split  from  the  inside.  In  animals  having  dewlaps  or  ridged  manes 
these  structures  should  be  split  from  inside  to  the  base  of  the 
hair.  It  is  also  necessary  in  larger 
mammals  to  split  the  eyelids  from 
the  inside  in  order  to  preserve  the 
eyelashes  perfectly.  After  the  skin 
is  removed  from  the  head  the  lips 
should  be  split  longitudinally  from 
within  by  an  incision  extending  to 
bottom  of  fold  formed  by  outer  skin 
and  inner  mucous  membrane^  care 
being  taken  not  to  injure  the  integu- 
ment by  cutting  through  the  bot- 
tom of  the  fold.      In  skinning  out  the      Fio.4.-Dlagramofoutsonlw^ofhom«l 

ear  cartilage  cut  about  the  base  care- 

fully,  using  the  fingers  of  the  left  hand  as  an  index  on  the  outside 
of  the  skin.  After  getting  the  cartilage  started  push  the  ear  in  from 
the  outside  as  the  skinning  proceeds  and  separate  the  skin  from  the 
cartilage  as  much  as  possible  with  the  nails  and  the  handle  of  the 
scalpel.  Skin  the  ear  down  to  the  tip  on  the  back  and  down  to  the 
extreme  edge.  This  is  usually  sufficient  unless  the  skin  of  the  ear 
shows  fat  or  is  densely  haired  on  the  inside,  when  it  is  better  to  cut 
the  cartilage  at  the  top  of  the  ear  and  skin  down  the  inside,  thus 
freeing  the  skin  completely  from  the  ear  cartilage.  This  is  neces- 
sary to  insure  complete  penetration  of  the  salt. 

Flat  skins  may  be  preserved  dry,  damp,  or  in  brine,  in  each  case 
common  table  salt  being  the  best  preservative.  Whichever  method 
is  adopted,  the  secret  of  successful  curing  lies  in  ihe  careful  handling 
of  the  specimens  in  the  early  stages  of  the  process.  Salt  must  be 
thoroughly  rubbed  into  the  skin  (in  ''pachyderms"  and  thin-haired 
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ungulates  both  surfaces  of  the  skm  should  be  treated)  and  nauch 
more  must  be  applied  than  is  actually  needed  for  final  preservation. 
Skins  must  be  frequently  examined  at  first  and  fresh  salt  applied 
to  any  region  which  shows  indication  of  heatmg  or  discoloring,  or 
where  the  hair  Is  becoming  loose.  The  chief  points  of  danger  are 
the  feet,  lips,  ears,  and  the  region  of  natural  folds  and  creases,  also 
the  surface  of  the  belly,  which  often  becomes  tainted  before  skinning. 
If  brine  is  usea  the  same  precautions  are  necessary  at  first.  Air 
bubbles  should  be  frequently  and  carefully  expelled  from  the  skins, 
as  their  presence  prevents  the  action  of  the  brine.  Be  sure  that  all 
the  mo^iture  has  been  taken  out  of  a  skin  by  the  dry  salt  before 
placing  it  in  brine.  A  fresh  shin  placed  in  hrine  will  decay  as  rapidly 
as  if  placed,  in  water. 

LaBOE  SKINS  SHOULD  NEVEB  BE  STBETOHED  OB  PEGGED  OUT  TO  ORT; 

direct  sunlight  and  imnecessary  heat  are  always  to  be  avoided.  As 
the  process  of  drying  continues  the  skins  may  be  arranged  in  any 
desired  form,  but  preferably  with  as  few  folds  as  possible,  and  with 
the  hair  surface  turned  inward  for  protection.  If  allowed  to  remain 
damp  they  may  be  rolled  so  as  to  occupy  very  little  space,  but  special 
care  is  necessary  to  see  that  an  abundant  excess  of  salt  is  always 
present. 

Damp  preservation  is  a  strictly  temporary  process  which  should 
never  be  resorted  to  except  when  the  specimens  are  to  receive  per- 
manent and  final  treatment  within  a  few  weeks.  Preservation  in 
brine  is  also  temporary,  though  skins  may  be  kept  in  tlus  way  for  a 
year  or  more.  The  process  presents  may  difficulties  which  make  it 
dangerous  in  the  hands  of  inexperienced  collectors.  Thorough  dry- 
ing, with  or  without  salt,  gives  the  most  satisfactory  results  under 
ordinary  circumstances. 

CASED  SKINS. 

In  preparing  cased  skins,  the  main  incision  is  to  be  made  as  short 
as  possible;  that  is,  its  extent  both  forward  and  backward  is  to  be 
limited  by  the  actual  necessities  of  each  individual  specimen.  No 
exact  rule  can  be  formulated.  In  animals  with  horns  the  cut  at  back 
of  head  should  be  as  short  as  will  allow  the  passage  of  skull.  The 
main  incision  on  under  side  of  body  should  extend  from  a  few  inches 
in  front  of  the  tail  to  the  brisket,  if  necessary.  The  opening  cut  on 
under  side  of  tail  should  extend  from  a  few  inches  beyond  root  of 
tail  to  the  tip.  The  skin  of  the  legs  is  to  be  left  entire  when  prac- 
ticable; if  tins  can  not  be  done  the  leg  is  to  be  skinned  as  far  down 
as  possible,  then  disjointed,  and  the  final  skinning  out  of  the  foot 
accomplished  through  an  incision  extending  upward  from  the  heel 
(or  in  hoofed  animals  from  back  of  hoof)  along  posterior  surface  of 
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\&gj  this  incision  to  be  no  longer  than  is  found  absolutely  necessary.^ 
In  animals  with  hoofs  the  cut  on  under  side  of  foot  should  ea:tend 
from  between  hoofs  to  between  dewclaws. 

Cased  skins  are  less  easily  dried  than  flat  skins  and  are,  thereforOi 
most  safely  preserved  in  brine.  On  account  of  the  greater  difficulty 
of  preparing  them^  and  the  necessity  of  barrels  for  their  preservation 
and  transportation^  they  are  never  to  be  preferred  to  flat  skins  except 
where  exceptionally  fine  specimens  for  mountqig  are  required* 

SPECIAL  METHODS. 

With  such  modifications  as  may  be  necessary  in  individual  instances 
and  which  will  readily  suggest  themselves  after  a  little  experience, 
the  foregoing  directions  suffice  for  most  of  the  larger  m^kmmals. 
The  very  largest  require  special  methods  of  treatment. 

Elephants? — Owing  to  its  excessively  large  siae  and  consequent 
weight  the  skin  of  an  elephant  is  best  removed  in  at  least  three  pieces. 
The  main  incision  begins  at  middle  of  lower  lip  and  eiii^tends  along 
underparts  and  upward  past  the  tail  and  along  the  middle  of  back  to  a 
point  just  in  front  of  shoulders.  Here  a  transverse  cut  is  ma4e  encir- 
cling the  neck.  The  skin  of  head  and  neck,  divided  along  median 
line  below,  is  taken  off  as  one  piece,  while  each  half  of  longitudinally 
divided  body  skin  becomes  a  separate  piece.  These  body  pieces  may, 
if  necessary  to  reduce  bulk,  be  each  divided  in  two  parts  by  a  verti- 
cal cut  just  back  of  shoulder.  A  further  cut  must  be  made  on  the 
head  from  the  upper  lip  down  the  inside  of  the  trunk  to  the  tip.  The 
secondary  incisions  of  legs  and  tail  are  to  be  made  as  usual  in  flat 
skins.  It  is  necessary  also  to  make  a  cut  on  the  inner  side  of  ear  from 
the  base  or  ear  pit  directly  through  to  the  point  of  the  ear  where  it 
is  broadest.     Skin  the  ear  back  along  this  cut  on  lower  side  and  then 

>  In  hoofed  animals  it  wiU  be  found  more  convenient  to  skin  out  the  lower  portion 
of  leg  before  leg  is  disjointed.  This  is  beet  accomplished  with  the  special  tool 
shown  in  accompanying  figure.  It  is  made  from  a  round  Norway  iron  one-fourth  inch 
in  thickness  18  iuches  long;  the  end  flattened  for  about  8  inches,  broadening  to  about 
one-half  inch  at  the  «id;  which  should  be  rounded  and  duU,  like  the  end  of  %  sqdpQl 


D 


handle.    The  opposite  end  of  iron  should  be  bent  into  a  T-ehaped  handle.    First 
skin  the  leet  and  di^iut  the  toe  bones  from  cannon  bones.    Then  k)08en  «ikin  from 
cannon  bones  to  the  upper  joint.    The  order  iu  which  the  different  parts  are  most 
conveniently  skinned  is  1,  head;  2,  feet;  3,  body  and  neck. 
'  From  notes  furnished  by  Mr.  Edmund  Heller. 
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later  on  the  outer  side,  removing  the  cartil^e  completely  and  con- 
tinuing down  aa  nearly  as  possible  to  the  extreme  mar^.  When 
the  cartilage  is  skinned  down  as  far  as  possible,  sever  it  all  around 
and  remove  it.  In  paring  down  the  trunk  great  care  is  needed 
not  to  cut  the  skin  through  at  tiie  deep  folds.  By  using  the  left 
hand  as  an  index  this  may  be  largely  prevented.  The  body  cuts 
on  the  elephant  should  be  dovetailed  deeply,  the  sections  being  six 
inches  long  by  two  inches  deep.  This  enables  the  taxidermist  to 
join  the  skin  perfectly  and  prevents  the  eye  from  finding  the  cuts  in 
the  mounted  animal. 


no.  S-— BkoUwlUimiitlMHid  >otl<n  raniaTed. 
LABQE  SKELETONS. 

Skeletons  of  l&rge  mammals  are  to  be  prepared  in  the  field  by 
removing  such  flesh  as  will  not  diy  without  decaying.  They  ahouM 
always,  when  possible,  be  soaked  in  cold  water  to  remove  the  blood, 
then  dried  and  securely  packed.  Disarticulate  in  any  manner  that 
will  reduce  the  specimen  to  convenient  form  for  packing.  The  lower 
jaws  of  rununants  should  always  be  removed  from  the  skull  and 
separately  packed  for  shipment,  &e  front  ieeSt  earefvUy  wrapped  to 
prevent  injury. 

SKULLS  OF  LABOE   HAMUALfi. 

SkuUs  of  large  mammals  unaccompanied  by  skins  or  skeletons  are 
often  of  great  scientific  interest,  even  when  weathered  and  im- 
perfect. They  should  be  saved  in  the  best  manner  possible,  and 
should  always  be  marked  with  the  exact  locality  where  found. 
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^kuBi  fif  (l«««*r.  ftAt^b>p<»,  and  oIIhv  mammAk  with  antW*  <tr  hfims  Ar« 
t^  ■Ntfv  tnt4Tf«l  ihAD  ihrtM^  App^^iiAK*"**  vliirh  if  DoAtlr  rrnioTikd  by 
•ftwuiff  out  A  hbaU  "fmolM"  ntftr  tM«  krpK  »<  tntphiiM.  Wrtnc  itiA 
•kull  ilif  5i  in  fiMMl  rofvlition  for  inii«riim  pur|»*>«n«  *  If  prartirA- 
KW,  pb«iC4i|prAph«  '  ij  ih^  ha«d  fn>ni  tho  «i«if«  an<i  fn»m  in  fnmt  «h<iukl 
H#  iakr«  hrfiirr  th^  h*im«  atp  rut  off.  Th«*  k>«rT  jaw  with  itn  fn»nt 
tflirib  M  AA  unfmrtant  pAiH  of  mxtrh  A  ■(MYtntrn.  71/«^  r#wA  iAo«U  kr 
«»a^pW/tv*  fnMrrtum,  A«  thrr  arv  mmuIt  injiirr<l. 

Whrn^trr  it  i«  nM^<^«AfT  t4>  rf*«lur«»  tb#  bulk  i>f  A  •p^ritnrn  or  r*4* 
imUtm  for  porpoMNi  f>f  parktnff  Ami  tr«n«{Mkrftti<in»  Ur|tr  b«im«  And 
AflftW*  Ar»  0)#  fir>t  p<irtKtn«  U>  b#  ••rrdW  rti 

«#4<ni  ij#  Mv/Uoi/ii  for  th^  "Ak^  of  mi^r^  ri>nvrn><»r»r<»  in  han<lhn|C  tb« 
>^imtt.  Mnr^  a  pt^fei  •kuD  wittunit  born*  t«  of  morr  Talu«*  tliAO  A 
of  b*trT)«  And  AO  injurvsl  •kuh 


To  AA  tn^ipfnrarH  p^^tn  tb^  M4«rti«>n  of  trAp«  f<ir  a*4>  in  r«>IWrt- 
ir.f  botb  Iatk*  And  ^oimU  munniAl*  u  Alvar*  a  •«iurr^  of  jM^jAfxiiy. 
K  fva^l  iTAp  •b'tuM  h#  h^T^it.  «trr>njc,  An^l  *«>  ron^trortr^l  am  to  (»• 
rwAdilr  •prtinr  br  th*  mrt^  Umch  of  a  p«.»*in^  Animal.  Furth«TW'»rr, 
«ith  %}tm  •mAlW  kin«l«  At  loa^t.  it  >h<»uki  (m*  ^mall  «>fi<>ui:h  to  a11«»w 
''•  n*»«lrrabW  nutn^>#r»  to  \*e  rmmt^l  vilh<  ut  <irrtip\uiK  urxlu^  apAr^. 

F«^  mAffintAl*  of  tKi»  •maU«*-t  •itm  th^  m*»«t  u-rful  trft{»*  Arr  th-M* 
«L«rb  r«aft«  immftliAt^  d^ath  br  a  bk'W.  Tl.rv  Ar«>  duk  h  •malW  th^n 
tl.#  r)««*kinc  trmfM  r<inimfnly  uw^l  for  h*'«i*«*  n.w  ^.  and  l.avr  tt^  a*1i1i- 
t*"  iiaI  AdvanlA^  of  all'*«tn;r  tK<*  Animal  Co  f»a*«  frr«ly  thr*'U«:h  fr«  ra 

•  •!#  to  •kl<»  Tl**  lAtt«Y  feature  permit*  thrm  t«»  lie  u««l  either  «ith 
•*  «ith-ut  bait.  A«  «va*i..n  pre-enl«.  *n.e*e  trap*  ba^e  the  aerMU* 
*W«rt  that  they  in;ur#  the  •kuU*  of  a  o.n-ui*-r«Me  nunilier  *if  •jieri- 
tntm*,  but  thi«  !•  I  ff«et  bv  their  numer^u*  i:»-*l  fr^turr^  Tl-ree 
trvpa  <if  thi*  tif«e  ha^e  ^»een  «»*i«ly  u*4^i  in  tu-hi  «"rk      the  (Ni*  I  rte 

f<  ft,  A  .  <hil  o"  fti/^  t  f  ff  ft.  ^  .  aHil  N"?  u-»!tr  f  if  ft  r*.  mai.'i'ar- 
t«r»d  rp-p^tnrh-  b\  tie  I^i^ril  Manufai  turr  /  ('•  n  (■•.•■>.  Krie  Pa  , 
t^•  Antmal  Trap  C  «  n  p«n>  Lit:ta.  Fa  ;  An«i  J  K  N  )  ii;i  W  A  (  o  . 
BkwVBvtKirr.  Pa       1^  e  (  \t\*  ne  tr«[»«  are  pA*  ki^i  in  «i«4|rn  U>ie«  T( 

*  »  ft^  bT  .1  i:m  he*  in  *■«!  i«le  (l.:i.e(»  i-  n  .  •  V  h  ri  f.«A.i..-  ^  three  d"fen 
trapi.  Tl-e  ba«e  fif  thi«  trap  mea-u^f.  ,.1.)^  .»!  hr  .'-•!  Uf  he*  (>n 
arv>4iht  (if  ti%  ftmall  -tre  atiil  f^*^  *«!.ar  n.««  *  «*.:  tn  it  i*  -j*««  iaUr  Mud 
f'«  ••#  «i'h  bait  tn  raiM.i^  an.-  fi^  ri«  k*   iiT  ui-Sr  the  r*«  !•  cf  tri 


*  4  «IM.'  k  •t»4      «i*|.  ta  4*  »  e    «.  .«-t 


«-^ 
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It  vill  «p''ir-.4*  in  a  •niftllrr  "pAT^  than  (*tthrr  nf  thi«  «>t)i«<r  trap*  It« 
rhW  d-.^ftil^an'^fr  Uc*  in  Ihr  Un  ha  r.  wliirh  nradilr  l»or€itnr«  rn«tT. 
mJul  in  U.t*  ri'ti.liii.in  rau*«*«  mufh  •^taitimj*  of  «|m^  iciim*  Tito  (htt  <•' 
•H^l  ftn«{  N  Ktnirr  tra(f«  aro  *n|(|  hr  tLr  <|f*/rn  in  pa«t«*)M»ftn|  Utif*«. 
4|  ht  1 1  liv  .'  ux  h«^.  and  4|  hv  3|  h\  '.»|  uvhr^  in  out«i«l<»  cinn«-n-ii>n«, 
n^pMtnrlv  Th«»  ha--^  *»f  th«»  <>iil  o'  •i/J,t  tn«*A«iirt««  3|  bx  '.»  itv  !#«*«. 
th*t  of  thr  N  Kii>W<r  J  hy  .*}  inrh#*»       Whil^  t^  r  r  trap*  lark  thr  rotn- 

•lnri«  i»f  iK^  C'ti  li.r.r.  t!  ry  arr  r.ff  f«*rii>i|r  l*i  it  f.if  u*r  in  ninwav   . 

tii^t  ma^  !ie^4i*eC  a*  to  h4«a]Tn<>-(  ritiM>l(*t«  Iv  f(i>Mrn  fnun  U*^pap'* 
antnial      Thf*  ha*^  itf   th<*  (hit   o' *t|»i.t  i«  of    «•««{    tl  At  cil  t(.« 


^-:#^ 


*%i.-:U^f     f/-i\%    .  ••'!  .f   r.       T).*  ^   a'rih»rtf  rr  i.    •  ••/•    i-*  t  t-*  fi*! 

•*    t    »-••.«•;  .r.  !  /    ^>    r  J    r  t,-  :  !  u  •   t*.  -  •!.  w;  !  \^  •••»  /».•■ 

#-  -••     :  /    6    r  a    i  «•  I     '1*4     f  •!.'   •■  I:  .:••  a*r  I:  A  .t   ,r.  U'.*»f  •■■■•^ 

•  .  •  1"  .•■  f  r  '•       *  /  •■.  ?.  a*    :..\N  a*  r**  ■    •     ;  •:*  I*    »•■*•#!*      t  *f  thi* 
-    .•.-     T    r»*    k  ..•r*    l»  '    f   rr.  •    a'f     !.  •••   .'v  •  .:•<'     -f    »*.    I*    th*l 

•  %\    (^  ::  •  *  • .  •  ••:  f.f  rr  mri*  •:,•••••  r   •••'  r  ??.••.*    '«■     it     .•  •  •  ^ 

•  r     \-    :    fci   T   *j»  •     t    \  \'  \  .   L.*  'f    Ta  ,  ar.-l   I  y  il    A    Na-h  \  •*.:.. 


f        •  »      .■•-**•«  a     1  !.a^<» 


#    • 


BULISUN  39,  UKITBD  STATES  NATIONAL  MUBEUIC. 


Fia.  (.— WouM  trap*:  (a)  CyCloM,  (ft)  Out  a'  dght,  (e)  Ssliuylar. 
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It  will  spring  in  a  smaller  space  than  either  of  thd  other  traps.  Its 
chief  disadvantage  lies  in  the  tin  base,  which  readily  becomes  rusty, 
and  in  this  condition  causes  much  staining  of  specimens.  The  Out  o' 
sight  and  Schuyllar  traps  are  sold  by  the  dozen  in  pasteboard  boxes, 
61  l>y  4i  by  2  inches,  and  4}  by  3i  by  2{  inches  in  outside  dimensions, 
respectively.  The  base  of  the  Out  o'  sight  measures  3i  by  2  inches, 
that  of  the  Schuyler  3  by  2^  inches.  While  these  traps  lack  the  com- 
pactness of  the  Cyclone,  they  are  preferable  to  it  for  use  in  runways, 
as  they  may  be  so  set  as  to  be  almost  completely  hidden  from  the  pass- 
ing animal.    The  base  of  the  Out  o'  sight  is  of  wood,  that  of  the 


Fio.  7.  Steel  traps:  (a)  Blake  and  Lamb,  (6)  Newhouae. 

Schuyler  of  galvanized  iron.  They  are  therefore  not  subject  to  rust. 
As  furnished  by  the  manufacturers,  the  bait  wire  of  the  Schuyler  is 
bent,  as  shown  in  fig.  6,  c".  For  field  use  this  should  be  straight- 
ened (fig.  6,  c  and  c')*  Both  of  these  traps  are  made  in  larger  sizes 
suitable  for  killing  such  animals  as  rats,  squirrels,  weasels.  Of  the 
Schuyler  rat  killers  two  forms  are  manufactured,  of  which  that 
closely  resembling  the  mouse  killer  is  the  more  useful.  Traps  which 
may  be  mentioned  here  are  those  made  for  the  capture  of  moles  by 
the  Animal  Trap  Company,  Lititz,  Pa.,  and  by  H.  A.  Nash  &  Son, 
Vicksbxu'g,  Mich.  They  are  less  bulky  than  most  mole  traps  and  have 
the  further  advantage  of  causing  little  or  no  injury  to  specimens. 
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The  European  mole  trap  is  more  serviceable;  as  it  will  take  any 
mammalsy  such  as  voles  and  weasels,  which  may  traverse  the  mole 
timnels;  while  the  American  type  of  trap  can  be  sprung  by  a  mole  only. 
Other  traps  useful  for  special  purposes  are  the  Stop-thief,  made  by 
the  Animal  Trap  Company,  and  the  Macabee  gopher  trap,  made  by 
the  Macabee  Trap  Company,  Los  Qatos,  Santa  Clara  Coimty,  Cal. 

For  all  mammals  larger  than  rats  and  squirrels  the  well-known  steel 
traps  should  be  used.^  These  are  made  in  two  forms,  both  of  which 
are  shown  in  fig.  7.  The  Newhouse  trap  is  the  stronger  and  more 
durable,  but  the  Blake  and  Lamb  is  much  more  conveniently  carried. 
The  former  is  manufactured  by  the  Oneida  Community,  Limited, 
Oneida,  N.  Y.,  the  latter  by  The  Hawkins  Company,  South  Britain, 
Conn.  Larger  traps  of  the  Newhouse  pattern  are  made  for  capturing 
wolves  and  bear.  The  ''Sure  Death"  and  ''Alligator"  traps  manu- 
factured by  the  Trappers  Supply  Company,  Oak  Park,  HI.,  seem 
worthy  of  testing  for  collecting  purposes.  The  same  is  true  of  the 
Funsten's  animal  baits  sold  by  this  firm. 

Full  information  concerning  sizes  and  prices  of  all  the  traps  men- 
tioned above  may  be  obtained  by  addressing  the  manufacturers. 

^  It  will  be  found  advantegeoua  to  use  the  laigest  practicable  tmp  for  imiTnAip 
of  any  given  mze,  as  the  longer  reach  of  jaw  causes  the  leg  to  be  seized  hi^er,  wh«» 
it  is  lees  easily  broken  and  lacerated.  No.  0  traps  are  therefcne  not  recommended 
for  any  purpose. 
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DIRECTIONS  FOR  COLLECTING  AND  REARING  DRAGON  FLIES, 
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By  Jambs  Or.  Needham,  Ph.  D., 

Lake  Forest  Collegef  Lake  Forest,  IlUnois, 


It  is  the  purpose  of  this  paper  to  oatline  briefly  some  simple  and 
reliable  methods  of  obtaining  material  illustrating  the  life  histories  of 
some  of  the  commoner  aqnatic  insects.  Some  knowledge  of  insects  in 
general  and  of  the  apparatus  universally  employed  by  entomologists — 
nets,  cyanide  bottles,  pins,  papers,  etc. — is  assumed.  It  is  proposed 
merely  to  supplement  the  accounts  given  in  the  general  text-books 
and  in  Dr.  Riley's  excellent  paper.  Directions  for  Collecting  and  Pre- 
serving Insects,^  with  some  new  and  more  detailed  methods  of  dealing 
with  aquatic  insects.  While  the  simple  apparatus  here  described  has 
been  devised  or  adapted  for  the  purpose  of  studying  insects  of  the 
orders  named  in  the  title,  it  will  be  found  to  work  well  for  aquatic 
insects  in  general. 

COLLECTING  AQUATIC  NYMPHS. 

For  collecting  purposes  the  insect  life  of  the  water  may  be  divided 
according  t^  habitat  into  three  groups,  each  requiring  methods  adapted 
to  its  situation. 

1.  Forma  living  on  the  bottom. — Here  belong  representatives  of  every 
order  having  agnatic  species.  The  organic  material  which  is  continu- 
ally falling  upon  the  bottom  of  ponds  and  streams  supports  a  teeming 
X>opulation  and  forms  a  stratum  of  great  biologic  richness.  Few  stone 
flies  are  found  on  the  bottom  in  still  water,  but  dragon  flies  and  may 
flies  are  there  abundant. 

Where  there  is  much  loose  material  on  the  bottom,  there  is  no  better 
collecting  instrument  than  a  common  garden  rake.  With  it  the  debris 
may  be  drawn  ashore  and  the  insects  picked  by  hand.  Withdrawn 
from  the  water,  they  generally  make  themselves  evident  by  their  active 
eflForts  to  get  back.  The  rake  is  especially  useful  in  the  spring,  while 
there  is  as  yet  no  new  growth  of  well-rooted  waterweeds  to  interfere 
with  hauling  it.  Its  use  is  to  be  commended,  because  the  places  best 
adapted  to  it,  such  as  small  bays  in  the  edges  of  ponds  where  aquatics 
grow  abundantly,  and  eddies  in  streams,  harbor  also  an  abundant 
insect  fauna. 
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Eren  wbere  tbe  bottom  of  tbe  pond  seems  bare,  the  rake  will  bring 
ashore  mnch  loose  mnd  and  silted  material,  containiog  the  bairowing 
nymphs  of  dragon  flies  and  may  flies  (Oomphtu,  Hexagenia,  etc.) ;  but,  fbc 
collecting  in  sach  places,  the  sieve  net  shown  in  flg.  1  is  mnch  bettei. 
This  is  a  net  and  a  sieve  combined.  It  has  a  long  handle,  and  is  so 
shaped  that  it  can  be  easily  used  from  the  bank.    The  frame  is  of  light 


tr  collecttnc  uympht  fmD  uud  mnd  mad. 

steel  rods;  tbe  sides  are  of  galvanized  iron;  the  bottom  is  of  galvanized 
wire  screen.  It  is  especially  adapted  for  scraping  ap  trom  tlie  bottom 
mad,  fine  silt,  and  sand,  and  for  sifting  oat  at  the  snrface  the  nymphs 
therein  contained.  It  may  be  used  away  from  shore  where  a  rake  is 
almost  nseless,  and  it  is  mnch  better  than  a  rake  for  collecting  bnrrov- 
ing  nymphs  (for  which  it  was  devised),  but  it  is  not  so  good  as  a  rake 
where  there  is  much  materiaL 

2.  Forms  living  above  the  bottom  in  still  or  slowly  fiowing  water. — The 
more  agile  nymphs  of  dragon  flies  and  mt^  flies  are  exceedingly  abun- 
dant, clambering  among  the  sabmerged  branches  of  erect  aqnatic 
pliintH.  All  but  a  few  of  the  smallest  species  are  easily  taken  bj 
'^sweeping"  the  plants  with  any  of  the  well-known  forms  of  water  net. 
There  are,  however,  a  few  little  nymphs'of  may  fliee 
that  can  hardly  be  dislodged  with  the  net,  and  that 
are  hardly  discoverable  on  plants  withdrawn  from 
the  water.  These  may  be  found  by  examining  the 
plant  stems,  a  small  bunch  at  a  time,  in  a  white 
dish  of  clean  water. 

3.  Forms  living  in  the  rapids  of  streams. — Many 

of  these  may  be  obtained  by  simply  picking  them 

by  band  frout  stones  lifted  out  of  the  stream,  bat 

not  all.    Those  which  cling  to  swaying  sedge  and 

willow  stems  may  be  "swept"  with  a  water  net; 

hot  a  net  better  adapted  for  collecting  in  rapids  is 

shown  in  fig.  1.'.     Itcoiiijists  of  aringofstoutspring 

""^      wire  3  to  4  feet  in  diameter,  to  which  is  attached 

pia.3^SBK'"it-i>«>k.(>iid     ^  very  shallow  bag  of  coarse  bobinet,  and  at  one 

rnpiiii  sideisanandleonly  long  enough  to  be  held  readily. 

It  is  intended  to  catch  insects  adrift  in  the  stream, 

and  is  accompanied  by  an  instrument  for  dislodging  them.    Such  an 

instrument  is  figured  at  the  right  of  the  net.    It  consists  of  a  handle 
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3  to  4  feet  loDg^  with  a  doable  hook  at  one  side  and  a  brush  at  the 
other  side  at  its  distal  end.  To  illustrate  the  use  of  this  apparatus, 
suppose  we  wish  to  collect  the  insects  from  the  stones  obstructing  a 
brook.  We  place  the  net  directly  below  the  obstruction  and  in  the  cur- 
rent,  and  adjust  it  to  the  bottom  by  downward  pressure  on  the  handle 
with  one  hand,  while  with  the  other  we  rapidly  overturn  the  stones 
and  with  the  brush  sweep  free  the  cliuging  insects.  These  are  driven 
by  the  current  into  the  net,  which  is  then  lifted  and  emptied. 

Most  stone  flies  and  many  may  flies  and  at  least  one  dragon  fly 
(Argia  putrida)  are  found  in  such  situations. 

4.  Transporting  live  nymphs, — In  order  to  carry  home  a  day's  catch 
alive,  a  large  quantity  of  water  is  not  necessary.  It  is  well  to  have  a 
pail  and  to  place  within  it  a  few  smaller  receptacles  containiug  a  little 
water  and  to  pack  wet  waterweed  between  these.  Then  the  smaller 
nymphs  taken  may  be  distributed  among  the  receptacles  so  as  to  dimin- 
ish the  chances  of  their  eating  one  another,  and  all  the  larger  and  stouter 
nymphs  may  be  stowed  away  in  the  waterweed,  which  does  not  need 
to  be  submerged  unless  left  long  uncovered  in  the  sun.  Well-grown 
nymphs  can  breathe  air  directly,  and  entangled  among  the  stems  will 
be  kept  out  of  mischief.  The  canibalistic  habits  of  certain  species  of 
the  larger  dragon  flies  (Anax,  etc.),  and  the  predatory  habits  of  all  of 
them  need  to  be  borne  in  mind  while  arranging  receptacles  for  them, 
and  specimens  differing  greatly  in  size  should  not  be  put  together. 

Great  care  is  necessary,  however,  with  some  species,  especially  species 
of  stone  flies,  which  live  in  rapids  where  the  water  is  well  aerated.  If 
these  are  to  be  transported,  they  must  be  kept  in  clean  water  and  hur- 
ried home  and  into  suitable  permanent  quarters. 

COLLECTING  AT  TRANSFORMATION. 

The  easiest  method  of  collecting  life-history  material  is,  doubtless,  to 
pick  specimens  up  when  transforming.  To  be  sure,  this  does  not  give 
the  complete  life  history;  but,  since  the  cast  skin  preserves  the  form  of 
the  nymph,  and  the  several  nymphal  stages  are  much  alike  except  in 
size  and  length  of  wing  cases,  it  gives  the  better  part.  To  the  general 
collector  with  but  little  time  to  give  to  these  "unimi^ortanf  groups 
this  method  should  appeal  strongly,  for  by  it  he  may,  without  appa- 
ratus, and  with  a  minimum  of  time  and  trouble,  obtain  most  valuable 
material.  One  may  often  find  nymphs  crawling  from  the  water,  imagoes 
emerging  from  their  old  nymph  skins,  others  drying  their  wings,  and 
others  ready  to  fly,  and  all  in  large  numbers,  needing  only  to  be 
picked  up. 

The  value  of  this  material  may  be  wholly  lost,  however,  unless  atten- 
tion be  given  to  three  points: 

1.  The  maturing  of  the  imagoes. 

2.  The  preservation  of  the  often  delicate  exuviap. 

3.  The  keeping  of  the  imago  and  its  skin  together. 
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The  following  adequate  and  very  simple  method  is  commended :  Tak« 
afield  a  pocket  full  of  Bmall  paper  ba^,  of  the  coarsest  sort  used  by 
grocers,  and  tindiug  imagoes  emerging,  slip  them  singly  into  tbe  bags, 
ench  with  its  own  cast  skin,  writing  desired  data  on  the  outside  of  tbe 
bag.     Before  the  skin  is  lifted  from  its  support  the  claws  should  be  loos- 
ened careftilly  witb  forceps,  else  legs  will  be  broken  off.    Very  delicate 
and  easily  broken  skins  may  be  slipped  into  envelopes  of  tissue  paper 
before  they  are  dropped  into  the  bag;  this  will  diminiBh  tbe  danger 
of  breaking  from  being  tumbled  about;  or,  they  may  at  once  be  pat  into 
vials  of  alcohol  and  numbered  to  correspond  with  their  imagoes.    The 
bags  are  closed  by  twisting  tbe  top.    To  the  rough  interior  the  imago 
clings  easily,  with  plenty  of  room  for  expanding  and  drying  its  wiags. 
Itags  thus  filled  may  be  carried  home  loosely  piled  into  a  large  basket 
or  in  a  large  sack.    They  should  be  left  unopened  for  a  day  or  two, 
until  tbe  mature  coloratioii 
of  the   imagoes    baa   ajv 
peared,  and  the  form  of  all 
parts  is  well  fixed  by  chiti- 
nization.    With  may  flies, 
specimens  of  the  snbimago 
should  of  oourae   be  pre- 
served on  the  approach  of 
the  time  for  the  final  molt- 
ing. 

While    gathering    such 
material    one   efaould    en- 
deavor to  get  besides  mal«ci 
and  females  with  theirsldnB 
(onlyafewofwhich  for  each 
species  need  be  kept  sepa- 
rately for  positive  determi- 
nation) also  nymphs  leaving  or  ready  to  leave  the  water  and  others 
transforming;  and,  as  in  other  collecting,  good  series  are  very  desirable. 
As  to  the  time  and  place  for  such  collecting  little  need  be  said,  aiDce 
members  of  these  three  orders  are  transforming  throughout  the  open 
season  and  live  in  all  sorts  of  fresh  water.    Certain  stone  files  may, 
indeed,  be  foand  transforming  abundantly  in  midwinter.    lu  general, 
it  may  be  stated  that  the  nymphs  all  transform  at  the  edge  of  the 
water.    A  few,  like  Oompkut  villoaipea,  may  clamber  only  far  enough 
uiwn  sloping  banks  to  expose  their  backs,  while  others,  like  some  of 
the  larger  LibeUulida,  may  crawl  several  rods  from  the  water,  when 
this  is  necessary,  to  find  suitable  place  to  transform.    The  m^ority 
transform  within  a  few  inches  of  the  water's  edge.    Some  specie    of 
these  three  orders  transform  habitually  at  night,  many  throughout  tbe 
day,  but  a  majority  of  the  dragon  files,  at  least,  transform  early  in  tbe 
morning. 


M  tikm  In  truuror- 


[7]  COLLECTING  DftAGtON  AND   U 

Til©  resident  collector  who  knows  tl 
mon  species  may  get  uytnpbs  of  that  B] 
ning  of  ita  aeasoo  and  picking  them  a 
If  on  going  oat  the  first  time  he  finds  I 
goes  are  ready  to  fly,  he  must  go  again 

The  invitation  to  collect  by  this  metl 
tering  of  a  limp  and  half-colored  imagi 
place  whence  this  one  was  flnshed  and 
with  some  confidence  for  others  still 
This  method  alone  will  not  satisfy  th 
becaase  be  may  sometimes  accumnla 
material  in  a  few  minntes  and  with  n 
carried  in  a  single  poeket,  it  deserves  1 

KEAEING  NYI 

The  best  way  to  rear  nymphs  is  to  lei 
them,  collect  a  few  frora  time  to  time  1 
the  yoong  ones  for  specimens,  and  do 
aboQt  grown.  Their  development  can 
wiog  cases.  For  species  that  seem  con 
plaves,  there  is  no  advantage  in  earl; 
become  more  common  as  the  season  of  tl 
because,  first,  they  get  larger  and  are  m 
they  approach  the  margin  of  the  water 

The  best  rearing  device  is  the  one  tb 
ditions  most  nearly  natural,    A  cage 
disturbs  such  conditions  at  all  con- 
sists of  a  cylinder  of  galvanized  wire 
screen,  open  at  both  ends,  having 
a  loose  screen  cover  with  a  rim  of 
heavy  wire.    One  end  of  the  cylinder 
is  poshed  down  into  the  mud  of  the     . 
bottom  in  shallow  water,  the  cover      | 
is  laid  on  and  all  is  ready.    Such  a 
cage  merely  incloses  a  small  water 
area  with  its  natural  vegetation, 
and  nymphs  placed  inside  live  their 
uatoral  lives  and  obtain  for  them- 
selves their  accustomed   food.     Of 
course  the  size  of  the  mesh  must  be  at 
be  reared — small  enough  to  confine  thi 
their  prey.     Fifteen  inches  is  a  eonvei 

For  burrowing  nymphs  it  will  be  nei 
the  cage  down  into  the  mud  of  the  bot 
done  with  a  garden  trowel. 

It  is  better,  owing  to  danger  from  fre 
in  the  rapids  in  the  direct  course  of  a  si 
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of  the  stream  behind  some  sheltering  rock  or  log,  place  the  cage  there 
and  build  miniature  rocky  rapids  inside  it.  In  quiet  waters  no  such 
precautions  are  necessary,  but  where  the  rise  and  fall  of  the  water  level 
is  great  it  may  be  necessary  to  move  cages  sometimes.  In  general,  it  is 
better  to  hide  the  cages  among  vegetation,  away  from  the  eyes  of  the 
untutored  and  irreverent.  For  aquatic  insects  which  pupate  on  land  a 
cage  is  easily  planted  half  in  the  water  and  half  out. 

Kymphs  placed  inside  will  readily  crawl  up  the  sides  to  transform. 
Young  imagoes  should  be  taken  out  as  soon  as  convenient  after  trans- 
formation is  completed  (otherwise  some  will  fall  into  the  water  and  die 
before  they  are  mature)  and  placed  in  paper  bags  with  their  exuviae 
until  dry  and  well  colored. 

Collectors  will  find  it  convenient  to  have  cages  of  this  sort  made  up 
in  <^ nests"  to  fit  one  inside  the  other,  the  size  of  the  mesh  decreasing 
with  the  size  of  the  cage.  A  nest  of  a  dozen  such  cages  and  covers 
will  be  found  a  slight  transportation  incumbrance. 

One  may  wish  to  take  nymphs  far  from  their  natural  habitat  and  to 
rear  them  at  home  with  no  streams  or  ponds  near.  A  simple  breeding 
cage  that  may  be  used  successfully  under  such  conditions  consists  of  a 
rough  wooden  kit,  or  pail,  or  tub,  or  half  barrel,  with  a  loose  screen 
cover.  It  must  be  rough  inside,  so  that  the  nymphs  can  crawl  up  its 
sides.  It  should  be  half  filled  with  water,  the  nymphs  put  in,  and  some 
trash  with  them  for  them  to  cling  to,  the  cover  added,  and  the  whole 
set  in  a  place  where  it  will  not  get  overheated  and  yet  will  receive  the 
direct  rays  of  the  morning  sun.  Conditions  will  be  less  natural  in  such 
a  cage  as  this,  but  if  only  nymphs  which  are  well  grown  and  require 
little  or  no  food  are  put  into  it,  it  will  be  found  entirely  satisfactory. 

A  very  satisfactory  way  to  rear  some  of  the  smallest  and  most  deli- 
cate species  of  dragon  flies  and  may  flies,  species  requiring  well  aerated 
water,  is  to  place  the  nymphs  in  shallow,  flaring  dishes  of  unglazed 
pottery  before  an  open  screened  window  in  one's  room.  The  water  will 
need  to  be  renewed  daily  or  oftener,  because  of  the  rapid  evaporation, 
but  it  will  keep  very  sweet;  and  the  imagoes  emerging  will  go  at  once 
to  the  screen  and  stay  there,  and  the  danger  of  their  falling  into  the 
water  before  maturing  and  dying  is  obviated; 

COLLECTING  IMAGOES.       ' 

The  easiest  way  to  get  good  specimens  of  the  largest  dragon  flies  is 
to  rear  them.  It  is  idle  to  run  after  them  with  a  net;  but  one  may 
observe  sometimes  that  they  are  flying  upon  a  regular  <<beat"  and  may 
so  station  himself  that  they  will  once  in  a  while  come  within  reach. 
When  a  favorite  resting  place  is  discovered,  one  may  wait  beside  it 
sometimes  to  good  purpose.  After  a  noonday  shower  specimens  are 
frequently  to  be  picked  by  hand  from  low  bushes  near  the  water,  and 
at  dusk,  also,  some  of  the  large  species  may  be  found  settled  for  the 
night  in  such  places,  though  most  of  them  settle  so  high  as  to  be  out  of 
reach. 
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While  all  but  the  largest  species  are  easily  taken  with  a  net,  one  may 
greatly  economize  time  in  gathering  duplicates  by  '^  sweeping"  the  veg- 
etation of  the  shores  at  sundown.  Most  desirable  stone  flies  may  be 
swept  from  the  grasses  and  sedges  overhanging  small  and  rapid 
streams.  One  should,  of  coarse,  take  advantage  of  the  "  swarming"  of 
may  flies.  The  smallest  of  the  stone  flies  are  best  picked  up  with  a  brush 
wet  with  alcohol  and  put  directly  into  vials  of  the  same  preservative. 

It  may  be  worth  while  to  suggest  that  subimagoes  as  well  as  imagoes 
of  may  flies  should  be  collected,  and  that  one  should  try  to  get  both 
young  and  old  imagoes  of  dragon  flies  of  the  family  AgrionidcBj  of  these 
latter  many  species  have  been  described  as  dimorphic,  so  striking  are 
the  differences  of  appearance  at  different  ages.  Males  and  females 
taken  in  pairs  should  be  kept  together  for  the  certain  identification  of 
the  females — often  a  difficult  matter,  otherwise. 

Lepidoptera  should  be  rigidly  excluded  from  the  cyanide  bottles  used 
for  killing  these  insects,  for  the  shed  scales  are  an  intolerable  and  alto- 
gether unnecessary  nuisance. 

PRESERVATION  OF  SPECIMENS. 

Nymphs  are  best  preserved  in  alcohol  (about  80  per  cent).  The  more 
strongly  chitinized  and  impervious  ones  should  be  dropped  first  for  a 
few  minutes  into  water  almost  boiling;  the  thin-skinned  nymphs  of 
most  stone  flies  and  of  may  flies  should  be  put  directly  into  the  alcohol. 
Imagoes  also  may  be  preserved  in  alcohol,  and  better,  so  far  as  preser- 
vation is  concerned,  than  by  any  other  method.  If  kept  in  the  dark 
the  colors  will  be  well  retained.  Even  if  one  be  pinning  specimens  it 
is  well  to  have  a  "stock  bottle"  of  alcohol  at  hand  to  catch  the  large 
series  of  duplicates  which  would  never  be  pinned;  for  the  collector  well 
knows  that  pinning  is  a  time-consuming  process. 

Pinned  specimens  of  dragon  flies,  at  least,  should  have  the  body 
"wired,"  otherwise  heads  and  tails  are  certain  to  fall  off  and  be  broken 
or  lost.  For  this  purpose  it  is  well  to  use  beheaded,  japanned  pins, 
cut  to  the  proper  length ;  one  is  inserted  through  the  front  of  the  head, 
pushed  through  the  body  lengthwise  but  not  protruding;  the  body 
dries  fast  to  it  and  is  then  not  easily  broken.  If  one  be  not  long  enough 
two  may  be  used,  one  inserted  from  each  end.  Formerly  a  wire  or 
bristle  was  used,  but  the  pins  being  well  pointed  enter  easily  and  effect 
a  great  saving  of  time  and  temper.  Even  if  specimens  are  to  be  put 
away  in  envelopes  it  is  better  that  they  should  be  wired  and  pinned  first, 
because  specimens  once  dried  do  not  thereafter  stick  well  to  the  pins. 

The  foregoing  simple  methods  and  appliances  have  been  abundantly 
tested  in  practical  work.  It  is  believed  they  will  be  found  more  effective 
and  practical  than  others  generally  recommended  hitherto.  They  are 
offered  in  the  hope  that  these  interesting  orders  of  so  much  scientific 
importance  may  receive  a  little  more  attention  at  the  hands  of  general 
collectors,  and  that  materials  needed  for  their  study  may  be  more 
rapidly  brought  together. 
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The  sallow  knows  the  basket  maker's  thumb. — Emerson. 

INTRODUCTION. 

The  following  instructions  are  published  for  the  great  number  of 
persons  who  are  interested  in  the  collection  and  preservation  of  Ameri- 
can basketry.  Besides  the  aesthetic  elements  involved  and  the  pride 
of  saving  the  best  examples  of  a  rapidly  vanishing  industry,  there  is  a 
vast  deal  of  culture  study  which  ought  not  to  be  neglected. 

In  every  collection,  public  or  private,  there  are  opportunities  for 
special  investigation  that  should  not  be  in  the  possession  of  only  a 
single  individual.  If  all  who  are  gathering  baskets  would  preserve 
such  information  as  they  are  able  to  obtain,  the  bringing  together  of 
the  results  of  all  this  study  would  be  a  monument  to  our  American 
aborigines.  The  perfect  understanding  of  a  basket  involves  a  knowl- 
edge of  the  following  subjects: 

I.  Materials. — Natural  and  prepared. 

1.  List  of  plants,  animals,  minerals,  etc. 
2^  Indian  name,  giving  the  tribe. 

3.  Common  name. 

4.  Scientific  name. 

The  following  label  of  a  specimen  in  the  Hudson  basketry  collection 
will  serve  as  a  model  to  guide  the  collector  in  saving  information 
about  his  specimens. 

BASKET  JAR  of  the  C(^^ko  Indians  (Kulanapan  stock).  Made  from  the  prepared  root  of  Kahum, 
or  California  sedge  {Carex  mendocinenais),  throat  and  scalp  feathers  of  KatAtch,  or  woodpecker 
{UHanerpea  formicivorus),  breast  feathers  of  Jucil,  or  meadow  lark  {Stumella  negleda),  scalp  feathers 
of  Kay&n,  or  mallard  (Atku  borcfuu),  plumes  of  TchikAka,  or  crested  quail  {Lophortyx  calif omicut) , 
neck  feathers  of  Taaw61u,  or  jay  {Oyanura  stelleri),  and  KAya,  or  prepared  clam  shell  {Saxidomus 
ffroc&is),  in  a  style  of  colled  sewing  called  Tsai,  in  which  a  single  rod  constitutes  the  warp.  The  sew- 
ing passes  over  this  rod,  under  the  preceding  one,  and  locks  in  the  stitch  immediately  underneath. 
Ornamentation,  a  row  of  shell  disks  around  the  margin  and  another  row  serving  as  a  handle. 

Diameter,  5  inches. 

RUSSIAN  RIVER,  CALIFORNIA,  1896.  203,415. 

FROM  THE   BUREAU  OF  AMERICAN  ETHNOLOGY,  COL.L.ECTEI>  BY 

DR.  J.  ^y.  HUIJSON. 
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II.  Basket  making. — Under  this  head  are  included  all  the  activities 
involved  in  construction,  namely: 

1.  Harvesting  the  materiah. — ^This  embraces  descriptions  of  places, 
the  times  and  methods  involved,  as  well  as  the  tools  and  apparatus 
used  in  gathering. 

2.  Preparing  materials, — Frequently  the  raw  materials  are  stored 
away  until  required.  When  the  time  comes  for  their  use  special 
manipulations  are  necessary,  such  as  peeling,  splitting,  making  splints, 
yarning  or  twisting,  twining,  braiding,  soaking,  gauging,  coloring. 
These  should  be  noted  carefully  and  described. 

3.  Processes  of  nianufactwre, — The  materials  being  ready,  the  maker 
seats  herself  in  the  midst  and  begins  the  technic  operations  that 
should  be  minutely  watched,  and  photographed,  if  possible.  Collec- 
tions should  be  made  also  of  tools,  apparatus,  and  patterns.  The 
processes  of  basket  weaving  are  making  braid,  checker,  wicker, 
twilled,  wi*apped,  twined,  and  coiled  work,  in  checks,  decussations, 
meshes,  stitches,  overlaying,  etc. 

III.  Ornamentation. — This  may  be  either  in  material,  processes  of 
making,  or  in  added  substances. 

1.  Form, — Especial  attention  should  be  paid  to  the  aboriginal  shapes, 
since  they  express  the  Indian  mind,  and  everything  possible  should  be 
done  to  discourage  modern  innovations. 

2.  Color. — ^This  may  be  either  natural  or  artificial.  Since  the  intro- 
duction of  modern  dyes,  the  old  methods  of  coloring  are  being  aban- 
doned. The  raw  material  of  basketry  and  the  processes  of  adding 
color  both  demand  attention. 

3.  Designs,— T\i\s  refers  to  all  figures  on  the  surface,  whether  in 
color,  in  technic,  or  however  produced.  In  fact,  basketry  is  mosaic; 
the  elements  are  always  geometric  figures,  those  of  the  coiled  type  are 
vertical,  while  those  of  other  types  are  horizontal. 

IV.  Symbolism  and  patterns. — Students  of  basketry  have  shown 
that  almost  every  design  serves  as  a  key  to  Indian  lore.  The  story,  if 
such  exist,  can  not  be  made  up  from  the  elements  as  in  hieroglyphics, 
but  must  be  taken  down  from  the  lips  of  the  basket  maker.  How 
important  it  is,  therefore,  that  those  collectors  who  are  in  touch  with 
basket  makers  should  secure  from  them  the  precious  information. 

V.  Uses. — Baskets  are  used  in  food,  dress,  house,  furniture,  arts, 
and  industries,  as  expressions  of  aesthetic  culture,  in  social  customs, 
and  religion.  From  the  cradle  to  the  grave  they  are  present.  Only 
the  observer  on  the  spot  can  be  tinisted  to  gather  such  information  fully. 

VI.  Ethnic  varieties  and  culture  provinces,  ancient  and 
modern. — It  will  be  of  great  value  to  the  student  of  technology  to 
give  the  names  of  the  tribes  making  basketr}^  and  to  associate  with 
each  example  the  name  and  locality  of  its  maker's  tribe.  Also  a  list  of 
the  varieties  of  basketry  made  by  any  tribe  is  of  the  utmost  importance 
in  arriving  at  a  correct  opinion  concerning  the  simple  or  composite 
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character  of  that  tribe.    The  Potno,  the  Twana,  and  the  Hopi,  make 
each  half  a  dozen  styles  of  baskets. 

VII.  Collections. — Those  collections  that  have  been  made  with  a 
view  to  permanence  should  be  kept  so  that  they  will  suffer  least  from 
damage.  The  dust  may  be  blown  from  the  specimens  with  bellows. 
Those  containing  remnants  of  vegetable  matter,  berrien,  food,  and  so 
forth,  should  be  carefully  scrubbed  with  soap  and  water,  and  rubbed 
down  with  a  very  small  portion  of  oil  and  dryer.  Above  all  they 
should  be  poisoned  with  a  weak  solution  of  corrosive  sublimate  or 
arsenic  dissolved  in  alcohol.     A  card 

catalogue  giving  the  legend  and  history 
of  each  piece  would  add  much  to  the 
value  of  the  collection. 

VIII.  BiBLiOGHAPHV. — Every  con- 
tribution to  the  literature  of  the  sub 
ject  should  be  sent  to  the  Division  of 
Ethnology  in  the  United  States  National 
Museum  for  safe-keeping  and  ready 
reference. 

PROCESSES  OF  MANUFACTURE. 

The  various  processes  of  manufacture  ^''-^■ 

will  now  be  explained  more  definitely,  ^^  ™u™s m" iw'Th"^  m. 

and  also  illustrated. 

A.   Checkerwork. — This  occurs  especially  in  the  bottoms  of  many 
North  Pacific  coast  examples,  and  also  in  the  work  of  eastern  Canadian 
tribes   (tig.    1);    in   mat- 
ting its  use  is  well-nigh 
universal. 

In  this  ware  the  warp 
and  the  weft  have  the 
same  thickness  and  plia- 
bility. It  is  impossible, 
therefore,  in  looking  at 
the  bottoms  of  the  cedar- 
bark  baskets  and  the  mat- 
ting of  British  Colum- 
bia (fig.  2),  or  P^tern 
Canada,  to  tell  which  is 
warp  and  which  is  weft. 
In  very  many  examples 
Pi^  ,^  the    warp    and    weft  of 

nst  cHECKEBwoRK.  a    chccker    bottom     are 

Hei«rtu.a.N.ii.,uH,pinj.  figw..  tumcd  Up  at  Hght  angle? 

to  form  the  wai-p  of  the  sides,  which  may  be  wicker  or  twined  work 
A  great  deal  of  bark  matting   is  made  in   this  same  checkerwork 
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but  the  patterns  run  obliquely  to  the  axle  of  the  fabric,  giving  the 
appearance  of  diajfonal  weaving.     When  warp  and  weft  are  fine  yam 
or  threads,  the  result  is  the  simplest  form  of  cloth  in  cotton,  linen, 
pina  fiber,  or  wool.     The  cheap  fabrics  of  commerce  are  of  this  species 
of  weaving.     In  art,  latticework  fre- 
quently show8  the  bars  intertwined  as 
in  checker  basketry  {fig.  3). 

E.  DiagoTuil  or  twiUed  basketry. — 
This  is  seen  in  those  parts  of  the  world 
where  cane  abounds.  In  Ameri<»  it  is 
common  in  British  Columbia,  Wash- 
ington, Southern  United  States,  Mexico, 
and  Central  America,  and  of  excellent 
workmanship  in  Peru,  Guiana,  and 
Ecuador.  The  fundamental  technic  of 
Pio.  s.  diagonal  basketry  is  in  passing  each  cle- 

ment of  the  weft  over  twoormore  warp 
''  '  '  elementij,  thus  producing  either  diagonal 
or  twilled,  or,  in  the  best  samples,  an 
endless  variety  of  diaper  patterns  (figs.  4  and  5).  See  Sixth  Annual 
Report  of  the  Bureau  of  Ethnology,  p.  216,  figs.  316-318,  for  excel- 
lent examples  of  thiti. 

The  North  Americans  of  antiquity  were  very  skillful  in  administering 

the  twilled  technic.     From  examples  reproduced  by  W.  H.  Holmes  it 

will  be  seen  that  in  the  ancient 


weaving  of  the  Mississippi  Valley,  in  its  southern  portions,  the  weft 
would  not  jjass  over  the  sanje  number  of  warp  elements  that  it  passed 
under.  On  the  specimens  shown  the  weft  goes  over  one  and  under 
three,  or  the  opposite,  each  time  and  each  way  (figs.  6  and  7).  Won- 
derful effects  in  this  variation  of  the  numbei-s  of  elements  included  are 
to  be  seen  on  Fijian  basketry  (fig.  8). 
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Excellent  variety  ia  produced  in  this  kind  of  weaving  by  means  of 
color,  Almoijt  any  textile  plant,  when  »plit,  bos  two  colors,  that  of 
the  outer  or  bark  surface  and  that  of  the  intenor  woody  surface 
or  pith.  Also  the  different  plants  used  in  diagonal  basketry  have 
great  variety  of  color.  By  the  skillful  manipulation  of  the  two  sides 
of  a  splint,  by  using  plants  of  different  species,  or  with  dyed  elements, 
geometric  patterns,  frets,  labyrinths,  and  other  designs  in  straight 
line  are  possible  (fig.  9).  Examples  from  the  saltpeter  caves  and 
modern  pieces  from  the  Cherokee,  both  in  matting  and  basketry,  are 


Kept.  U.S.N.II,.  iHt.  pi,  u,  Ha,  n, 
double.     By  this  means  both  the  inside  and  the  outside  of  the  texture 
expose  the  glossy  siliceous  surface  of  the  cane. 

C  Wwkeri'-ork. — Common  in  eastern  Canada,  it  is  little  known  on 
the  Pacific  coast  and  in  the  Interior  Basin,  excepting  in  one  or  two 
pueblos,  but  is  seen  almndantly  in  southern  Mexico  and  Central  Amer- 
ica. It  consists  of  a  wide  or  a  thick  and  inflexible  warp,  and  a  slender 
flexible  weft  (fig.  10). 

The  weaving  is  plain  and  differs  from  checkerwork  only  in  the  fact 
thtit  one  of  the  elements  is  I'igid,     'I'he  effect  on  the  surface  is  a  series 
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of  ridge».     It  is  possible  also  to  produce  diagonal  effects  in  this  type 
of  weaving. 


Wickerwovk  must  have  i>een  a  very  early  and  primitive  lorai  of 
textile.  Weil's  for  stopping  fish  are  made  of  brush,  and  wattled 
fences  for  game  drives  are  set  up  in  the  same  manner.  A  great  deal  of 
thecoai-se  basketry  in  use  for  pack- 
iDgand  transporting  is  made  in  this 
fashion.  The  Zufii  Indians  make 
gathering  baskets  of  little  twigs 
after  the  same  technic,  the  inflexible 
warp  being  made  upof  a  small  bun- 
dle of  twigs  of  the  same  plant.  The 
transition  from  checker  to  wicker 
in  some  examples  is  easy.  The  mo- 
ment one  element,  either  warp  or 
weft,  is  a  little  more  rigid  than  the 
other,  the  intersections  would  natur- 
ally assume  a  wicker  form. 

The  finest  specimens  in  America  arc  Pio.  ii. 

the  very  pretty  Hopi  plaques  made  *^"""  wicker  wohk  or  the  nan. 

of     Bigelovia    grai>e,o},ens.      Short  h*i.i.  u.h.n.>i,.  iiw,  pi,  «.ak.  ». 

stems  are  dyed  in  various  colors,  worked  into  the  warp,  and  driven  tightly 
home  so  as  to  hide  the  ends  and  also  the  manner  of  weaving  (tig.  11). 
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Various  patterns  are  effect«d  on  the  surface—  clouds,  mythical  birds, 
and  symbols  connected  with  worship.  Wickerwork  has  pleasing 
effects  combined  with  diagonal  and  other  work  (fig.  12).  It  has  passed 
into  modem  industry  through  the  cultivation  of  osiers,  rattan,  and 
such  plants,  for  market  baskets,  covers  for  glass  bottles,and  in  ribbed 
cloth,  wherein  a  flexible  weft  is  worked  on  a  rigid  warp.  Also,  good 
examples  are  now  produced  by  the  Algonkin  tribes  of  Kew  England 
and  eastern  Canada. 

For  commercial  purposes,  wicker  baskets  precisely  like  those  of 
the  Abenaki  Indians  are  thus  made. 

The  white-oak  tim- 
ber is  brought  to  the 
yard  in  sticks  running 
from  6  to  40  inches  in 
diameter,  and  from  4  to 
18  feet  long.  It  is  tirst 
sawed  into  convenient 
lengths,  then  split  with 
a  miaul  and  wedges  into 
fourths  or  sixteenths. 
The  bark  is  ther)  stripped 
off  with  a  drawing 
knife. 

The  next  process  is 
cutting  it  into  bolts  at 
what  is  called  the  split- 
ting horse.  These  are 
taken  to  the  so-called 
shaving  horse,  to  be 
shaved  down  with  a 
^"'•''^-  drawing  knife  into  per- 

.chA^i^^Z.TJJirri^l^w^w.THl-.  f^t't'j'   smooth,   even 

liolts,  of  the  width  and 
length  desired.  Thp.se  are  then  placed  in  the  steam  box  and  steamed 
for  a  half  hour  or  so,  which  makes  the  splints  more  pliable;  they 
are  taken  thence  to  the  splint  knife,  which  is  arranged  so  that  one 
person,  by  changing  the  position  of  the  knife,  can  make  splints  of 
any  desired  thickness  from  that  of  paper  to  that  of  a  three-fourth 
inch  hoop. 

The  oyster  baskets  and  iDost  small  baskets  have  the  bottom  splints 
laid  one  over  another,  and  are  plainly  woven. 

But  the  round -bottomed  baskets,  used  for  grain  and  truck,  are  made 
by  taking  from  10  to  18  ribs  and  laying  them  across  each  other  at  the 
middle  in  radiating  form,  and  weaving  around  with  a  narrow  thin 
splint,  until  the  desired  size  for  the  bottom  is  reached,  when  the 
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splints  are  turned  up  and  set  in  other  baskets,  about  a  dozen  in  a 
series,  for  twenty-four  hours. 

They  are  then  woven  around  with  a  fine  splint  and  placed  on  a 
revolving  drum  or  form  and  filled  up  the  required  height  and  set  in 
the  sun  tx)  dry  for  six  hours.     They  are  then  shaken  hard  by  striking 
the  bottom  on  the  floor,  which  causes  the  splints  to  settle  tight  together, 
and  prepared  for  the  rim.     They  next  proceed  to  fasten  the  handles  to 
the  sides  and  put  the  rims  or  hoops  on  by  fitting  them  into  the  notches 
made  in  the  handles  and  binding  them  tightly  with  fine  splints.     The 
different  styles  are  made  by  using  different  shaped  drums  and  vari- 
ously colored  splints,  the  lat- 
ter being  done  by  dipping  the 
splints,  before  weaving,  into 
dyes. 

The  more  curiously  made 
baskets  are  those  for  the  char- 
coal and  eelpots. 

The  charcoal  baskets  are 
shaped  like  a  tray  and  are 
carried  on  the  head  by  the 
coal  carriers. 

The  eelpots  are  used  as  traps 
for  catching  eels.  The  wood 
is  prepared  for  them  in  the 
same  manner,  and  they  are 
made  on  a  form  about  40 
inches  long  and  in  the  shape 
of  a  bottle  minus  the  bottom, 
and  have  a  funnel  arrange- 
ment at  either  end  which  is 
detachable. 

D.     Wrapped    weft. —  Fio.is. 

Wrapped  basketry  consists  of  carryihs- basket,  wrapped  weavikg.  itged  bv  the 
warp  and  weft.      Examples  of  bohave  Indians  of  AarioNA. 

this  technic  are  to  be  seen  in  °'  "  y    ■"■     ^  >""■• 

.\merica  at  the  present  time  among  the  Indians  of  southern  Arizona, 
the  Mohaves,  for  their  carrying  frames  (fig.  13).  The  warp  extends 
from  the  rigid  hoop,  which  forms  the  top,  to  the  bottom  where  the  ele- 
ments are  made  fast.  The  weft,  usually  of  twine,  is  attached  to  one  of 
the  corner  or  frame  pieces  at  the  bottom  and  is  wmpped  once  around 
each  warp  element.  This  prof^css  continues  in  a  coil  until  the  top  of  the 
basket  is  reached.  In  some  of  its  features  this  method  resembles  coil 
work,  but  as  a  regular  warp  is  employed  and  no  needle  is  used  in  the 
coiling,  it  belongs  more  to  the  woven  series.  This  method  of  weav- 
ing was  employed  by  the  mound  builders  of  the  Mississippi  Valley. 
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Markings  of  wrapped  weaving  on  pottery  are  to  be  seen  in  the 
Third  Report  of  the  Bureau  of  Ethnology  (fig.  14).  This  style  of 
weaving  had  not  a  wide  distribution  in  America,  and  is  used  at  the 
present  day  only  in  a  restricted  region.  When  the  warp  and  the  weft 
are  of  the  same  twine  or  material  and  the  decussations  are  drawn  tight 
the  joint  resembles  the  first  half  of  a  square  knot.     The  Mincopies 

of  the  Andaman  Islands  construct 
a  carrying  basket  in  the  same 
technic. 

E.  Twiriedorwattledhasketry. — 
This  is  found  in  ancient  mounds  of 
Miasissippi  Valley,  in  bagging  of 
the  Ro<»kv  Mountains,  down  the 
Pacific  coast  from  the  island  of 
Attu,  the  most  westerly  of  the 
Aleutian  chain,  to  the  borders  of 
Chile,  and  here  and  there  in  the 
Atlantic  slope  of  South  America, 
It  is  the  most  elegant  and  intri- 
cate of  all  in  the  woven  or  plicated  species.  Twined  work  has  a  set 
of  warp  rods  or  rigid  elements,  as  in  wickerwork;  but  the  weft  ele- 
ments are  commonly  administered  in  pairs,  though  in  three-ply  twining 
and  in  braid  twining  three  weft  elements  are  employed.  In  passing  from 
warp  to  warp  these  elements  are  twisted  in  half-turns  on  each  other 
so  as  to  form  a  two-ply  or  three-ply  twine  or  bmid.  According  to  the 
relation  of  these  weft  elements  to  one  an- 
other and  to  the  warp^  different  struc- 
tures result  as  follows: 


Fio.  14. 

WRAPPED  WEAVING. 

Pressed  on  ancient  pottery,  from  a  mound  In  Ohio. 
Sd  An.  Rept.  Bur.  of  Ethnol.,  flg.  70.  After  W.  H. 
Holmes. 


1.  Plain  Uvined  weaving ^  over  single  warps. 

2.  Diagonal  tunned  weaving  or  twilly  over  two  or 
more  warps. 

3.  Wrapped  twined  weaving^  or  bird-cage  twine,  in 
which  one  weft  element  remains  rigid  and  the  other  is 
wrapped  about  the  crossings. 

4.  I/xtliced  twined  weaving ,  tee  or  Hudson  stitch , 
tivined  work  around  vertical  warps  crossed  by  hori- 
zontal weft  element. 

5.  Three-ply  twined  u^aving  and  braiding  in  sev- 
eral styles. 


m0^^fj^ 


^^v -'^>- 


«^  ,<irj 


Fig.  15. 
twined  weaving  in  two  colobs. 

Rept.  U.  8.  N.  M.,  1881,  pi.  SO,  flg.  Si. 


1.  Plain  twined  weaving, — Plain  twined  weaving  is  a  refined  sort  of 
wattling  or  crating.  The  ancient  engineers,  who  built  obstructions  in 
streams  to  aid  in  catching  or  impounding  fish,  drove  a  row  of  sticks 
into  the  bottom  of  the  stream,  a  few  inches  apart.  Vines  and  brush 
were  woven  upon  these  upright  sticks  which  served  for  a  warp.  In 
passing  each  stake  the  two  vines  or  pieces  of  brush  made  a  half-turn 
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on  each  other.    This  is  a,  very  primitive  mode  of  weaving.    Plain  twined 
basketry  is  made  on  exactly  the  same  plan;  there  is  a  set  of  warp  ele- 
ments which  may  be  reeds,  or  splitits,  or  string,  arranged  radinlly  on 
the  bottom  and  parallel  on  the  body.     The  weft  consists  of  two  strips 
of  root  or  other  dexible  material, 
and  these  are  twisted  as  in  form- 
ing a  two-ply  string  passing  over 
a  warp  stem  at  each  half  turn  (tig. 
15).     Pleasing   varieties  of    this 
plain    twined    weaving    will    be 
found  in    the   Aleutian    Islands. 
The   Aleuts    frequently  use,  for 
their  wai'p,  stems  of  wild  rye  or 
other  grasses,  in  whifrh  the  straws 
are  split  and  the  two  halves  pass 
upward  in  zigzag  form;  each  half 
of  a  warp  is  caught  alternately 

with  the  other  half  of  the  same  ^"'-  '*■ 

straw   and   with   a    half   of   the  TwcmnorEiinoHK  ol^THE  alelts. 

adjommg  straw,  making  a  series 

of  triangular  instead  of  rectangular  spaces  (tig.  16).     A  still  further 
variation  is  given  to  plain  twined  ware  by  crossing  the  warps. 

In  bamboo  basketry  of  eastern  Asia  these  crossed  warps  are  also 
interlaced  or  held  together  by  a  horizontal  %trip  of  bamboo  passing 
in  and  out  as  in  ordinary  weaving. 
In  such  examples  the  interstices 
are  triangular,  but  in  the  twined 
example  here  doscribetl  (iig,  17) 
the  weaving  passes  across  between 
the  points  where  the  warps  inter- 
sect each  other,  leaving  hexagonal 
interstices.  This  peculiar  combin- 
ation of  plain  twined  weft  and 
crossed  warp  has  not  a  wide  dis- 
tribution in  America,  but  examples 
are  to  be  seen  in  southeastern 
Alaska  and  among  relics  found  in 
Fio.  17.  Peruvian  graves. 

CEOBSED  WABP  TwiNEB  wEATiNH  OF  THE  HAKAH        2.  DiagoiiaJ twlnediwaving .—Yn 
iNDiANB,  wASHiHOTON  STATE.  dlagoual  twined  weaving  the  twist- 

ingof  the  weftfilaments  is  precisely 
the  same  as  in  plain  twined  weaving.  The  difference  of  the  texture 
on  the  outside  is  caused  by  the  manner  in  which  the  wefts  cross  the 
warps.  This  style  abounds  among  the  Ute  Indians  and  the  Apache, 
who  dip  the  bottles  made  in  this  fashion  into  pitch  and  thus  make  a 
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miter-tight  vessel,  the  open  meshes  i-eceiving  the  pitch  more  freely. 
The  technio  of  the  diagonal  twined  weaving  cx>nsists  in  passing  over 
two  or  more  warp  elements  at  each  half  turn;  there  must  be  an  odd 
number  of   warps,   for  in   the 
next  roimd  the  same  pairs  of 
wai-ps  are  not  included  in  the 
half  turns.     The  ridges  on  the 


outwide,  therefore,  are  not  ver- 
tical Hs  in  plain  twined  weaving, 
but  pass  diagonally  over  the 
surface,  hence  the  name  (fig.  18), 

This  method  of  manipulation  li-nds  itself  to  the  most  beautiful  and 

delicate  twined  work  of  the  Pomo  Indians.     Gift  ba.skets  holding  more 

than  a  bushel  and  requiring  months 

of  patient  labor  to  construct  are 

thus  woven. 

Fig.  19  shows  how,  by  varying 
the  color  of  the  weft  splints  aad 
changing  from  diagonal  to  plain 
weaving,  the  artist  is  enabled  to 
control  absolutely  the  figure  on 
the  surface, 

3.  Wrapped  twined   weaving. — 

In  wrapped  twined  weaving  one 

element  of  the  twine  passes  along 

horizontally  across  the  warp  stems, 

Fig.  so.  usually  on  the  inside  of  the  basket. 

iin  WEAVING.  fije  binding  element  of  splint,  or 

"■      '  stripof  bark,  or  string,  is  wrapped 

)und  the  crossings  of  the  horizontal  element  with  the  vertical  warp 

g.  20).     On  the  outside  of  the  basket  the  turns  of  the  wrapping  are 

clique;  on  the  inside  they  are  vertical.    It  will  be  seen  on  examining 
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this  figure  that  one  row  inclines  to  tlie  right,  the  one  above  it  to  the 
left,  and  so  on  alternately.    This  was  occasioned  by  the  weaver's  pass- 
ing from  side  to  side  of  the  square  carrying  basket,  and  not  all  the  way 
round  as  mual.     The  work  is  similar  to  that  in  an  old-fashioned  bird 
cage  where  the  upright  and  hori- 
zontal wires  are  held  in  place  by  a 
wrapping  of  finer  soft  wire.     The 
typical  example  of  this  wi-apped  or 
bird-cage  twine  is  to  be  seen  among 
the  Indians  of  the  Wakashan  family 
living  about  Neah  Bay,  Vancouver 
Island,  and  southwestern  British 
Columbia  (fig.  21). 

In  this  typo  the  warp  and  the 
horizontal  strip  behind  the  warp 
are  both  in  soft  cedar  Imrk.  The 
wrapping  is  done  with  a  tough 

straw-colored   grass.      When   the  ^'°-  ^i- 

weaving  is  beaten  home  tight  the  vr«.ppEB  tbined  meaviso. 

surface  is  not  unlike  that  of  a  fine  '      k-   .  «•   • 

tiled  roof,  the  stitches  overlying  each  other  witli  perfect  regularity- 
Fig.  a2  shows  a  square  inch  of  the  inside  of  a  basket,  with  plain 
twined  weaving  in  the  two  rows  at  the  top;  plain  twined  weaving  in 
which  each  turn  pa.sscis  over  two  warp  rods  in  four  rows  just  below. 
,  I  In  the  middle  of  the  figure,  at  the 

right  side,  it  will  be  seen  bow 
the  wrapped  or  bird-cage  twined 
work  appears  on  the  inside,  and 
in  the  lower  right-hand  wrner  is 
the  inside  view  of  diagonal  twined 
weaving.  In  the  exquisite  piece 
from  which  this  drawing  was 
made,  the  skillful  woman  has 
combined  foui;  styles  of  two-ply 
twined  weaving.  On  the  outside 
of  the  basket  these  various  meth- 
ods stand  for  delicate  patterns  in 
color  (fig.  19). 
4.  Laiii':c-(witi€d  vxaving. — 
■Fia.12.  The  lattice-twined  weaving,  so 

TwiBKD  wEAviNo.  iNBTM.  far  as  tfac  collectioHs  of  the  IT.  S. 

An.  ».th™poio^.t™--r.i..m. ««....  National  Museum  show,  is  con- 

&ned  to  the  Porno  Indians,  of  the  Kulanapan  family,  residing  on  Rus- 
sian River,  California.  Dr.  J.  W.  Hudson  calls  this  technic  tee.  This 
is  a  short  and  convenient  word,  and  may  be  used  for  a  specific  name. 
The  tee  twined  weaving  consists  of  four  elements — (a)  the  upright  warp 
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of  rods,  (h)  a  horizontal  warp  crossing  theije  at  right  angle:^,  and  (c,  d) 
a  regular  plain  twined  weaving  of  two  elemeots,  holding  the  warps 
firmly  together  (fig.  23), 

In  all  the  examples  in  the  U.  S.  National  Museum  the  horizontal  or 
extra  warp  is  on  the  exterior  of 
the  basket.  On  the  outride  the 
/(•(•  basket  does  riot  i-esemble  the 
ordinary  twined  work,  but  on 
the  inside  it  is  indistinguishable. 
Baskets  made  in  this  fashion  are 
very  rigid  and  -strong,  and  fre- 
quently the  hoppers  of  mills  for 
grinding  acorns,  and  also  water- 
tight jai-s,  are  thus  constructed. 
^•o-^'  The  ornamentation  is  confined  to 

TRBHTTiiEORiwri'EDWEiviN.i  narrow  bands.  the  weaver  being 

Of  tlicFomo  Indians,  CallforaiK.  .  .    •    .    j.       ..       ■      .      ■ 

*m  Aniiiropoiogi.1,  ik»  Rr  3  iMi,  tig.  iH.  greatly  rcstrioted  by  the  technic. 

5.    Three-ftly  twinediceaving. — 

Three-ply  twined  weaving  is  the  use  of  three  weft  splints  and  other 

kinds  of  weft  elements  instead  of  two,  and  there  are  four  ways  of 

administering  the  weft: 

II.   Tliree-ply  tu-'wf. 

Ii.   TliT«e-ply  braid. 

c.   Tkree-ply,  fidne  emliroutery,  TlinkU. 

il.  Frappfd,  Skokomith. 

(t)  Three-ply  twine  (figa.  24  and  25), — In  this  technic  the  basket- 
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r  holds  in  her  hand  three  weft  elements  of  any  of  the  kinds  men- 
tioned. In  twisting  these  three,  each  one  of  the  strands,  as  it  passes 
inward,  is  carried  behind  the  warp  stem  adjoining;  so  that  in  a  whole 
revolution  the  three  weft  elements  have  in  turn  passed  behind  three 
warp  elements.  After  that  the  process  is  I'epeated.  By  referring  to 
the  tower  halves  of  figs.  24  and  25,  the  outside  and  the  inside  of  this 
technic  will  be  made  plain. 
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of  falac  embroidery  in  which  the  figures  appear  on  the  outside  of  the 
basket  but  not  on  the  intiide.     In  the  needlework  of  the  civilized 
woman  the  laying  of  this  third  element  would  be  called  embroidery, 
but  the  Indian  woman  twinc:^  it  into  the  textile  while  the  process  of 
basketmaking  isgoingon;  thatis,  when  each  of  the  weftelements  passes 
between  two  warp  rods  out- 
ward, the  colored  or  overlaid 
element   is  wrapped  around 
it  once.     Straws  of  different 
colors  are  employed  (fig.  28). 
(d)  Frai>pedhnakt^try^Sko- 
komish  type. — An  intereat- 
hig  modification  of  this  Tlin- 
kit   form  of  overlaying   or 
false     embroidery     occurs 
oc<'asionallyamongthc  Fomo 
^a^       <?S.^'*^^#*l     Indi»„»   under  the  name  ot 
^^"T  ^-^  (»Hi  or  oaf/,  and  it  is  fully  ex- 

OVER i.*iTi  TWIN Ei>  WEAV1HO.  plaincd   and    illustrated   by 

•th  A-. R^pt, Bur.  Bih-oL.. ^ m  ««. «. .r«r  w.  H.  h»it«.     j^mpg  Tcit  iu  hls  Momolr  on 

the  Thompson  River  Indians.'  In  this  Thomp-son  River  example 
the  twine  or  weft  element  is  three-ply.  Two  of  them  are  spun  from 
native  hemp  or  milkweed,  and  form  the  regular  twined  two-ply 
weaving.  Around  this  twine  the  third  element  is  wrapped  or  served, 
passing  about  the  other  two  and  between  the  warp  elements,  and 
then  the  whole  is  pressed  down  close  to  _         _       . 

the  former  rows  of  wenving.  On  the 
outside  of  this  bag  the  wrapping  is  diag- 
onal, but  on  the  inside  the  turns  are  per- 
pendicular. Thefastcningoff  iNCoarsely 
done,  leaving  the  surface  extremely 
rough.  I  am  indebted  to  Dr.  Franz 
Boas  for  the  use  of  Mr.  Teit'.s  figure. 
This  combination  is  extremely  interest- 
ing. The  author  says  that  it  "seems  to 
have  been  acquired  recently  through  in- 
tercoui-se  with  the  Shahaptins."  A  little 
attention  to  the  stitches  will  show  that 
the  bags  and  the  motives  on  them  are  Tti™p«ii  Riv^r  imiun^  Hriu^  coiunbta. 
clearly  Nez  Peices  or  Shahaptian,   but 

the  wrapping  of  corn  husk  outside  the  twine  are  not  done  in  Nez 
Percea  fashion,  but  after  the  style  of  the  Makah  Indians  of  Cape 
Flattery,  who  are  Wakashan  {fig.  "2^). 

'  Mcnioira  of  the  Amoricau  Museum  at  Natural  History,  II,  New  York,  1900,  dg. 
132,  p.  190. 


[19]       BULLETIN   39,   UNITED   STATES   NATIONAL    MUSEUM. 
II.  COILED  BASKETRY. 

Coiled  basketry  is  produced  by  an  over-and-ovcr  sewing  with  some 
kind  of  flexible  material,  each  atitch  interlocking  with  the  one  imme- 
diately underneath  it.  The  ejtception  to  tins  ia  to 
be  seen  on  Eskimo  and  Digger  basketa,  in  which 
the  passing  stitch  is  driven  through  the  wood  of  the 
stitch  underneath  and  splits  it.  The  transition  be- 
tween lace  work  and  coiled  baakctry  is  interesting. 
In  the  netted  bags  of  pita  fiber,  common  throughout 
middle  America,  in  the  muskemoots  or  Indian  bags 
of  fine  caribou  skin  thong  from  the  Mackenzie 
River  diatrict,  as  well  as  in  the  lace-like  netting  of 
the  Mohave  carrying  frames  and  Peruvian  textiles, 
the  sewing  and  interlocking  constitute  the  whole  tex- 
ture (fig.  31,  A),  the  woman  doing  her  work  over  a 
short  cylinder  or  spreader  of  wood  or  bone,  which 
she  moves  along  as  she  works.'  When  the  plain 
sewing  changes  to  half-hitches — or  stltehes  in  which 
the  moving  part  of  the  filament  or  twine  is  wrapped 
or  served  one  or  more  times  about  itself — there  is 
the  rude  beginning  of  point  lace  work.  This  is 
seen  in  Fuegian  basketry  as  well  as  in  many  pieces 
from  various  parts  of  the  Old  World  (tig.  41). 

The  sewing  materials  vary  with  the  region.  In 
the  Aleutian  Islands  it  is  of  delicate  straw;  in  the 
adjacent  region  it  ia  spruce  root;  in  British  Colum- 
bia it  is  cedar  or  spruce  root;  in  the  more  diversi- 
fied styles  of  the  Pacific  States  every  available  ma- 
terial has  been  used — stripped  leaf,  grass  stems, 
rushes,  split  root,  broad  fillets,  and  twine,  the  effect 
of  each  being  well  marked.  In  all  coiled  basketry, 
properly  so  called,  there  is  a  foundation  more  or 
less  rigid,  inclosed  within  stitehes,  the  only  imple- 
ment used  being  originally  a  bone  awl. 

Fig.  30  shows  the  metatarsal  of  an  antelope,  sharp- 
ened in  the  middle  and  harder  portion  of  the  column,  fio.  w. 
the  joint  serving  for  a  grip  to  the  hand.    Mr.  F.  H.    " 
Cushiog  was  of  the  opinion  that  the  bone  awl  was    r 
far  better  for  fine  basket  work  than  any  implement 
of  steel;  the  point,  being  a  little  rounded,  would  find 
its  way  between  the  stitehes  of   the  coil  underneath  and  not  force 
itself  through  them.     The  iron  awl,  being  hard  and  sbai-p,  breaks  the 

'See  Scientific  American,  July  28,  1900,  antl  American  Anthropologist  (new  aer.), 
April,  1900. 
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texture  and  gives  a  very  rough  and  clumsy  appearance  to  the  surface, 
as  will  be  seen  in  fig.  37.  In  every  culture  province  of  America  wher- 
ever graves  have  been  opened  the  bone  stiletto  has  been  recovered, 
showing  the  widespread  use  of  threads  or  filaments  employed  in  joining 
two  fabrics,  or  for  perforating  those  already  made  to  receive  coil  work 
and  other  embroideries. 

Coiled  basketry  in  point  of  size  presents  the  greatest  extremes. 
There  are  specimens  delicately  made  that  will  pass  through  a  lady's 
finger  ring,  and  others  as  large  as  a  flour  barrel;  some  specimens  have 
stitching  material  one-half  inch  wide,  as  in  the  Pima  granaries,  and  in 
others  the  root  material  is  shredded  so  fine  that  nearly  100  stitches 
are  made  within  an  inch  of  space.  In  form,  the  coiled  ware  may  be 
perfectly  flat,  as  in  a  table  mat,  or  built  up  into  the  most  exquisite  jar 
shape,  in  design  the  upright  stitches  lend  themselves  to  the  greatest 
variety  of  intricate  patterns. 

VARIETIES   OF   COILED   BASKETRY. 

Coiled  basketry  may  be  divided  into  nine  varieties,  based  on  struc- 
tural characteristics.  The  foundation  may  be  (1)  a  single  stem  or 
rod;  (2)  a  stem  with  a  thin  welt  laid  on  top  of  it;  (3)  two  or  more 
stems  over  one  another;  (4)  two  stems  laid  side  by  side,  with  a  welt; 
(5)  three  stems  in  triangular  position;  (6)  a  bundle  of  splints  or 
small  stems;  (7)  a  bundle  of  grass  or  small  shreds. 

The  stitches  pass  around  the  foundation  in  progress  (1)  interlock- 
ing, but  not  inclosing  the  foundation  underneath;  (2)  under  one  rod 
of  the  coil  beneath,  however  many  there  may  be;  (3)  under  a  welt  of 
the  coil  beneath;  (4)  through-  splints  or  other  foundation,  in  some 
cases  systematically  splitting  the  sewing  material  underneath.  With 
these  explanations  it  is  possible  to  make  the  following  nine  varieties  of 
coiled  basketry,  matting,  or  bagging: 

A.  Coiled -work  without  foundation. 

B.  Simple  interlocking  coils. 

C.  Single-rod  foundation. 

D.  Double-stem  coil^  two-rod  foundaiion. 

E.  Packing  inclosed^  rod  and  welt  foundation. 

F.  Packing  inclosed,  twv-rod  and  splint  foundation.' 

G.  One  rod  inclosed,  three-rod  foundation. 
H.  Splint  foundation. 

I.  Grass-coil  foundation. 
K.  Fuegian  coiled  basketry. 

These  will  now  be  taken  up  systematically  and  illustrated  (fig.  31). 

A.  Coiled  work  withxmt  foundation. — Specimens  of  this  class  have 
been  already  mentioned.  The  sewing  material  is  babiche  or  fine  raw- 
hide thong  in  the  cold  north,  or  string  of  some  sort  farther  south.  In 
the  Mackenzie  Basin  will  be  found  the  former,  and  in  the  tropical  and 

btropical  areas  the  latter.     If  a  plain,  spiral  spring  be  coiled  or 

K)ked  into  one  underneath,  the  simplest  form  of  the  open  coiled  work 
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w^ill  result.  An  improvement  of  this  is  effected  when  the  moving 
thread  in  passing  upward  after  interlocking  is  twined  one  or  more 
tlznetj  about  its  standing  part  (fig.  31  A). 


Simple  interlocking  coils. — Coiled  work  in  which  there  may  be 
any  sort  of  foundation,   but  the  stitches   merely  interlock  without 
catching  under  the  rods  or  splints  or  grass  beneath.    This  form  easily 
passes  into  those  in  which  the  stitch  takes  one  or  more  elements  of  the 
foundation,  but  in  a  thorough  ethnological 
study  small  differences  can  not  be  over- 
looked (fig.  31  B).     Fig.  32  represents  this 
style  of  workmanship  on  a  coiled  basket 
in  grass  stems  from  Alaska,  collected  by 
Lucien  M.  Turner.    The  straws  for  sewing 
merely   interlock  without  gathering   the 
grass  roll. 

C    Singh-rod  foundation. — In    rattan 
basketry  and  Pacific  coast  ware,  called  by 
Dr.  .).  W.  Hudson  Tiai  in  the  Pomo  lan- 
guage,  the   foundation  is  a  single  stem,  ' 
uniform  in  diameter.     The  stitch  passes      nBiAiLoi- istehujokini:  eTiT<:HE» 
around  the  stem  in  progress  and  is  caught 

under  the  one  of  the  preceding  coil,  as  in  fig,  31  C.  In  a  collection 
of  Siamese  basketry  in  the  U,  S.  National  Museum  the  specimens  are 
all  made  after  this  fashion;  the  foundation  is  the  stem  of  the  plant  in 
it»  natural   state,  the  sewing  is  with  splints  of  the  same  material, 
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having  the  glistening  sui-face  outward.  As  this  is  somewhat  unyield- 
ing, it  is  difficult  to  crowd  the  stitches  together,  and  so  the  f  oundstioa 
IB  visible  between. 

In  America  single-rod  basketry  is  widely  spread.  Along  the  Pacific 
coast  it  is  found  in  northern  Alaska  and  as  far  south  as  the  boi-ders  of 
Mexico.  The  Pomo  Indians  use  it 
in  some  of  their  finest  work.  The 
roots  of  plants  and  soft  stems  of 
willow,  rhus,  and  the  like  are  used 
for  the  sewing,  and  being  soaked 
thoroughly  can  be  crowded  together 
so  as  to  entirely  conceal  the  founda- 
tion (fig.  33). 

D.  Tici>-r{id foundation. — One  rod 
in  this  style  lies  on  top  of  the  other; 
the  stitches  pass  ovei'  two  rods  in 
progress  and  under  the  upper  one 
of  the  pair  below,  so  that  each  stitch 
ftq.  as.  incloses  three  stems   in   a  vertical 

DiTtiL  ot  iiNOLm-HOD  COIL  iM  BA8IEIBT,       serlcs.     A  little  attcntiou  t«  fig.  31 
R.pttj,8.N.M,iBt,pL.,flgi  Dwill  demonstrate  that  the  alter- 

nate rod  or  the  upper  rod  in  each  pair  will  be  inclosed  in  two  series 
of  stitches,  while  the  other  or  lower  rod  will  pass  along  freely  in 
the  middle  of  one  series   of  stitehes  and  show  on   the  outer  side. 
Examples  of  this  two-rod  foundation  are  to  be  seen  among  the  Atha- 
pascan  tribes    of  Alaska,   among  the 
Pomo  Indians  of  the  Pacific  coast,  and 
among  the  Apache  of    Arizona.     An 
interesting  or  specialized  variety  of  this 
type  is  seen  among  the  Mcscaleros  of 
New    Mexico,    who  use    the    two-rod 
foundation,  but  instead  of  passing  the 
stiteh   around   the   upper  rod  of  the 
coil  below,  simply  interlock  the  stitches 
so  that  neither  one  of   the   two  rods 
is  inclosed  twice.     This  Apache  ware 
is   sewed    with    yucca    fiber   and   the 
brownstemsof  other  plants,  producing  ^"^  ^ 

a  brilliant  effect,  and  the  result  of  the       ""'h»»ti.in  of  two  p 
special    technic    is  a  flat  surface   like 

that  of  pottery  (fig.  34).  The  U.  S.  National  Museum  possesses  a 
single  piece  of  precisely  the  same  technic  from  the  kindred  o!  the 
Apache  on  the  Lower  Yukon. 

E.  Rod  and  welt  foundniiiin. — In  this  kind  of  basketiy  the  single- 
rod  foundation  is  overlaid  by  a  strip  or  splint  of  tough  fiber,  some- 
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times  the  same  as  that  with  which  the  sewing  is  done;  at  others  a  strip 
of  leaf  or  bast.     The  stitches  pass  over  the  rod  and  strip  which  are  on 
top  down  under  the  welt  only  of  the  coil  helow,  the  stitches  interlock- 
inpf.     The  strip  of  tough  fiber  between  the  two  rods  which  serves  for  a 
^veIt  has  a  double  purpose— strength- 
ening the   fabric  and   chinking  the 
space  between  the  rods  (fig.  31  E  and 
fig.  35).    This  style  of  coil  work  is 
seen  on  old  Zuni  basket- jars  and  on 

California  examples.     The   type  of  ' 

foundation  passes  easily  into  forms  >    ' 

(fig.  31)  C,  D,  and  F.  | 

F.  Ttt^o  rod  and  tplitii  fmmda- 
tiim. — in  this  style  the  foundation  is 
made  thicker  and  stronger  by  laying 
two  rods  side  by  side  and  a  splint  or 

welt  on  top  to  make  the  joint  perfectly  ^*'-  ^ 

tight.  The  surface  will  be  corrugated.  "»*"  *u  b.n  m"s«"^^"  (w"" 

Tribes  practicing  this  style  of  coil- 
ing generally  have  fine  material  and   some   of   the   best  ware  is  so 
made  up, 

G.  Three-rod  ffmndation. — This  is  the  type  of  foundation  called  by 
Dr.  .T.  W.  Hudson  ham-tmi-um.  Among  the  Pomo  and  other  tribes  in 
the  western  part  of  the  United  States  the  most  delicate  pieces  of  bas- 
ketry are  in  this  style.     Dr.  Hudson  calls  them  the  "jewels  of  coiled 

basketry."  The  surfaces  are  beau- 
tifully corrugated,  and  patterns  of 
the  most  elaborate  character  can  be 
wrought  on  them.  The  technic  is 
as  follows:  Three  or  four  small,  uni- 
form willow  .stems  serve  for  the 
foundation,  as  shown  in  fig.  3(t;  also 
in  ci-osM  section  in  fig.  31  G.  The 
sewing,  which  may  be  in  splints  of 
willow,  black  or  white  carex  root, or 
cercis  stem,  passes  around  the  three 
stems  constituting  the  coil,  under 
the  upper  one  of  the  bundle  below, 
^'^  *■■  the  stitches  interlocking.     In  some 

nn;NiJATioN  on  THREE  ROM.  cxamplos    thls    uppcF    rod     is    re- 

placed by  a  thin  strip  of  material  serving  for  a  welt  (.sec  fig.  31  F). 
In  the  California  area  the  materials  for  basketry  are  of  the  finest  equal- 
ity. The  willow  .stems  and  carex  root  are  susceptible  of  division  into 
delicate  filaments.  Sewing  done  with  these  is  most  compact,  and  when 
the   stitches   are   pressed  closely   togethfir   the   foundation  docs  not 
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appear.  On  the  surface  of  the  bam-tsu-wu  basketry  the  Poino  weaver 
adds  pretty  bits  of  bird  feathers  and  delicate  pieces  of  shell.  The 
basket  represents  the  wealth  of  the  maker,  and  the  gift  of  one  of  these 
to  a  friend  is  considered  to  be  the  highest  compliment. 

H.  Splint  fuu7»datmi. — In  basketry  of  this  type  the  foundation 
consists  of  a  number  of  longer  or  shorter  splints  massed  together  ^td 
sewed,  the  stitches  passing  under  one  or  more  of  the  splints  in  the 
coil  beneath  (fig.  37).  In  the  Porno  language  it  is  called  chilo,  but  it 
has  no  standing  in  that  tribe.  In  the  Great  Interior  Basin,  where  the 
pliant  material  of  the  California  tribes  is  wanting,  only  the  outer  and 
-  younger  portion  of  the  stem  will  do  for  sewing.  The  interior  parts 
in  such  examples  are  made  up  into  the  foundation  (fig.  31  H).  Such 
ware  is  rude  when  the  sewing  passes  carelessly  through  the  stitches 


below ;  in  other.s  the  splitting  \a  designed  and  beautiful.  In  .the  Kliki- 
tat  basketry  the  pie<'es  of  spruce  or  cedar  root  not  used  foi'  sewing 
material  are  also  worked  into  the  foundation.' 

I.  Gnim-coil  haaiHry. — The  foundation  is  a  bunch  of  grass  or  rush 
stems,  of  small  midrilis  from  paini  leaves,  or  shredded  yucojt.  The 
effect  in  all  such  ware  is  good,  for  the  reason  that  the  maker  has  per- 
fect conti-ol  of  her  material.  Excellent  examples  of  this  kind  are  to 
be  seen  in  the  southwestern  portions  of  the  United  States,  among  the 
pueblos  and  missions,  and  in  northern  Africa,  The  sewing  may  l»e 
done  with  split  stems  of  hai-d  wood,  willow,  rhus,  and  the  like,  or,  an 
in  the  case  of  the  Mission  baskets  in  southern  California,  of  the  stems 
of  rushes  {./mioix  aciihm),  or  stiff  grass  {Kjncampet  rigidum).  (See 
fig.  38  and  the  cross  section  given  in  fig.  31  1),     In  the  larger  granary 

'  ^Ipmoira  of  the  .\tueri«in  Muneutn  of  Natural  History,  AnthropoU^y,  I,  p.  189, 


r 
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baskets  of  the  Pinui  a  bundle  of  straws  furnishes  the  foundation, 
while  the  sewing  is  done  with  broad  strips  of  tough  bark,  as  in  fig.  39. 
In  the  Fuegian  coiled  basketry,  of  which  a  figure  is  given,  the 
sewing  is  done  with  rushes,  but  instead  of  being  in  the  ordinary 
over-and-over  stitch  it  consists  of  a  series  of  half  bitches  or  button- 
hole stitches  (fig.  41). 

Among  the  basketry  belonging  to  the  grass-coil  foundation  type  are 
the  Hopi  plaques,  built  upon  a  thick  bundle  of  the  woody  stems  of  the 
yuccas,  which  furnish  also  the  sewing  material  from  the  split  leaf 
(fig^.  40).  If  this  be  examined  in  comparison  with  a  style  of  basketiy 
fouDd  in  Egypt  and  in  northern  Africa  as  far  as  the  Barbary  states, 
great  similarity  will  be  noticed  in  the  size  of  the  coil,  the  color  of  the 
sewing  material,  the  patterns,  and  the  stitches.  The  suggestion  is 
here  made  ^at  this  particular  form  of  workmanship  may  be  due  to 


acculturation,  inasmuch  as  this  type  of  basketry  is  confined  Jn  America 
to  the  Hopi  pueblos,  which  were  brought  very  early  in  contact  with 
Spaniards  and  African  slave:i. 

K.  Fuegian  coiled  haaltetry. — In  this  ware  the  foundation  is  slight, 
consisting  of  one  or  more  ruslien;  the  .sewing  is  in  buttonhole  stit<;h  or 
half-hitches,  with  msh  stems  interlocking.  The  resemblance  of  this 
to  Asiatic  types  on  the  Pacific  is  most  striking  (fig.  41). 

In  a  small  area  on  Fraser  River,  in  southwestern  Ctinada,  on  the 
upper  watei-M  of  the  Columbia,  and  in  many  Salishan  tribes  of  north- 
western Washington,  basketry  called  "Klikitat"  is  made.  The  foun- 
dation, as  said,  is  in  ci^dar  or  spruce  root,  while  the  sewing  i.s  done 
with  the  outer  and  tough  portion  of  the  root;  the  stitches  pass  over 
tile  upper  bundle  of  splints  and  are  locked  with  those  underneath. 
On  the  outside  of  these  baskets  is  a  form  of  b^chnic,  which  also  consti- 
tutes the  ornamentation.     It  is  not  something  added,  or  overlaid,  or 


COLLECTOBS   OF    AMERICAN    BA8KETBT.  [26j 

sewed  on,  but  ia  a  part  of  the  texture  effected  in  the  progresa  of  the 
manufacture  (fig.  42). 
The  method  of  adding  thia  ornamentation  in  strips  of  cherry  bark. 


cedar  ha.st,  and  gra.ss  stems,  dyed  with  Oregon  grape,  \»  unique,  and 
on  thia  account  I  have  applied  the  temi  imbricated  to  the  "  Klikitat" 


basket,  as  shown  in  fig.  44.  The  strip  of  colored  bark  or  grass  is 
laid  down  and  caugiit  under  a  pas.sing  stit«h;  before  another  stitch 
is  taken  this  one  is  bent  forward  to  wver  the  last  stitch,  doubled  on 
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itself  30  as  to  be  underneath  the  next  stitch,  and  so  with  each  one 
it  is  bent  backward  and  forward  so  that  the  sewing  is  entirely  con- 
cealed, forming  a  sort  of  "  knife  plaiting."  In  some  of  the  finer  old 
baskets  in  the  National  Museum,  collected  sixtj-  years  figo,  the  entire 
surface  is  covered  with  work  of  this  kind,  the  strips  not  l>eing  over 
an  eighth  of  an  inch  wide.  Mr.  James  Teit  describes  and  illustrates 
this  type  of  weaving  among  the  Thompson  Rijer  Indians  of  British 
Columbia,  who  are  Salishan.  The  body  of  the  basket  is  in  the  root  of 
Thnja  gigantfo,  and  the  ornamen- 
tation in  strips  of  Elymus  triti- 
coides&nA  Prumm  demismi^g.  43), 


Imbrication  is  one  of  the  most 
restricted   of  technical   processes.         mp. u  b. ii.tu>nmi KuKnni  im   itHBin, 
Eells  says   that   some   women   in 

every  tribe  on  Puget  Sound  could  produce  the  stitch,  and  he  names 
the  Puyalhips,  Twanas,  Snohomish,  Clallam,  Makah,  Skagit,  Cowlitz, 
Cbehalis,  Nisqualli,  and  Squaxon.  It  is  understood  that  here  it  is  a 
modern  acquirement.  It  is  the  native  art  of  the  Klikitat,  Yakima, 
and  Spokanes,  all  of  whom  arc  of  the  Shahaptian  family.  The  Thomp- 
son River  Indians,  who  are  Salishan,  have  long  known  the  art. 
LIST  OF  BASKET-MAKINQ  TRIBES. 

The  following  list  includes  the  names  of  those  tribes  known  to  the 
author  as  makers  of  any  kind  of  basketry,  especially  in  North 
America,  together  with  the  linguistic  families  to  which  they  belong, 
and  their  lo<'ations. 

In  a  much  fuller  work,  to  be  subsequently  published,  a  larger  list 
will  be  given,  and  it  is  desirable  that  tho.se  who  ara  interested  in  the 
subject  will  supply  to  the  author  the  names  of  those  tribes  not  to  l>e 
found  here. 

TrItK'.  Fsmilf.  LucaUlv. 

Abnaki .^I^onquian Point  Pleasant,  Maine. 

Aleut Rskiniauan Aleutian  Iplamlw. 

Algonkin AlKonquian Northern  frontier  anil  Cnnado. 

Apache  tribea Athapascan Arizona  and  New  Mexico. 
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Tribe.  Family.  Locality. 

Arapaho Algonquian South  Dakota. 

Arikara Caddoan Fort  Berthold,  North  Dakota. 

Ashochimi Yukian near  Healdshurg,  California. 

Attacapa Attacapan Southern  Louisiana. 

Attn  Island,  see  Aleut. 

Auk Koluschan Gastineaux  Channel,  Alaska. 

Bilhoola,  Bellacoola Salishan Northwest  British  Columbia. 

Calpella Kulanapan Ukiah,  California. 

Carriers,  see  Thompson  River. 

Cayuse Waiilatpuaii Walla  Walla  and  Columbia  River. 

Chaves  Pass  Ruin Hopian Arizona. 

Chehalis Salishan Washington  State. 

Chemehuevi Shoshoneau Arizona  and  California  boundary. 

Cherokee Iroquoian North  Carolina. 

Chetimacha Chetimachan Louisiana. 

Chevlon  ruin Hopian Northeastern  Arizona. 

Chilcotin Athapascan British  Columbia. 

Chilkat Koluschan Southeastern  Alaska. 

Chinook  tribes Chinookan Lower  Columbia  River. 

Choctaw Muskhogean Louisiana. 

Chuk  Chanci Mariposan Sierra  region,  California. 

Clallam Salishan Washington  State. 

Clatsop Chinookan Pacific  Coast,  Washington. 

Coahuilla Shoshonean Southern  California. 

Coconinos,  see  Havasupai. 

Colville Salishan Colville  Agency,  Washington. 

Concow Pujunan Round  Valley,  California. 

Couteau,  see  Thompson  River. 

Cowlitz Salishan North  of  Mount  St.  Helen. 

Coyotero Athapascan Southern  Arizona. 

Creek Muskhogean Southern  States  and  Indian  Territory. 

Dieguefio  (includes  many 

scattered  bands) Yuman Southern  California. 

Digger Pujunan Northern  California. 

Esak-tellar Eskimauan E.  Prince  William  Sound,  Alaska. 

Eskimo Eskimauan Arctic  America. 

Flonho Athapascan Eel  River,  California. 

Gallinomero Kulanapan Cloverdale,  California. 

Garotero Athapascan Same  as  Coyotero. 

Gualala Kulanapan Gualala,    Mendocino    County,    Cali- 
fornia. 

Guthleuk Koluschan N.  of  Prince  William  Sound,  Alaska. 

Haida Skittagetan Alaska  and  British  Columbia. 

Hat  Creek Palaihuihan Northeastern  California. 

Havasupai Yuman Cataract  Canyon,  Arizona. 

Hoh Chimakuan Neah  Bay,  Washington. 

Homolobi,  ancient  ruin Near  Winslow,  in  Arizona. 

Hoochnom Yukian Round  Valley,  California. 

Hoonah Koluschan Cross  Sound,  Alaska. 

Hootzahtai , Koluschan Admiralty  Island,  Alaska. 

Hopi Hopian Northeastern  Arizona. 

Hualapai,  see  Walapai. 

Huicholes Nahuatlan Zacatecas,  etc.,  Mexico. 
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Tribe.  Family.  Locality. 

Hupa Athapascan Trinity  River,  California. 

Iroquois  tribes Iroquoian Northern  frontier  and  Canada. 

Jicarilla  Apache Athapascan Northern  New  Mexico-- 

Kabinapo Kulanapan Clear  Lake,  California. 

Kalispel Salishan Flathead  Agency,  Montana. 

Karok Quoratean Klamath  River,  California. 

Kaviagmiut Eskimauan Kadiak  Island,  Alaska. 

Kawia,  see  Coahuilla. 

Klamath Lutuamian Northern  California. 

Klikitat Shahaptian Yakama  Reservation,  Washington. 

Kohonino,  see  Havasupai. 

Katenai Kitunahan Idaho  and  British  Columbia. 

Lillooet Salishan British  Columbia. 

Little  Lakes Kulanapan Round  Valley,  California. 

Lolonkuh Athapascan Eel  River,  California. 

Luiseilo Shoshonean San  Luis  Rey,  California. 

Lummi Salishan Northern  Puget  Sound. 

MacCloud Copehan Northern  California. 

Maidu Pujunan E.  of  Sacramento  River,  California. 

Makah Wakashan Washington  State. 

Makhelchel Copeban Clear  Lake,  California. 

Maricopa Yuman Near  Maricopa,  Arizona. 

Mattoal Athapascan California. 

Maya Mayan Yucatan. 

Melicite Algonquian New  Brunswick. 

Menominee Algonquian Northeastern  Wisconsin. 

Mescalero Athapascan Southern  New  Mexico. 

Mexican,  see  under  vari- 
ous families. 

Micmac Algonquian Nova  Scotia. 

Mission,   a  great   many  Shoshonean  and  Yu-  Southern  California, 
villages  man. 

Miwok Moquelumnan California. 

Modoc Lutuamian Klamath  River,  California. 

Mohave Yuman Between  Arizona  and  California. 

Moki  or  Hopi Shoshonean Northeastern  Arizona. 

Mono Shoshonean Middle  California. 

Muckleshoot Salishan Puget  Sound,  Washington. 

Napa Copehan Sacramento  River,  California. 

Natano,  band  of  Hupa. 

Navaho Athapascan Northern  N.  Mexico  and  Arizona. 

Nez  Perc6 Shahaptian Northern  Idaho. 

Nishinam Pujunan Sacramento  Valley,  California. 

Nisqualli Salishan Puget  Sound. 

No  cha  a  wai  i Mariposan Tule  River,  California. 

Numlaki Copehan Round  Valley,  California. 

Nutka Wakashan Vancouver  Island. 

Ojibwa  or  Chippewa Algonquian Michigan. 

Opata  ruin Sierra  Madre Sonora  and  Chihuahua. 

Oraibi Shoshonean Hopi  pueblo. 

Paiate Shoshonean Western  Nevada. 

Panamint Shoshonean Death  Valley,  California. 

Papago Piman South  of  Tucson,  Arizona,  and  Sonora, 

etc. 
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Tribe.  Family.  Locality. 

Patawat Wishoekan California. 

Patwin Copehan 8acnuu«>ito  River,  Catifoniia. 

Pawnee Caddwui,  ue  Arikara. 

Penobscot AlRonquin Old  Town,  Maine. 

Peruvian Kechua Highlands  oF  Peru, 

Pima Finian Southern  Arizona. 

Pit  River Palaihuihan Pit  River,  NE.  California. 

Ponio     (many    aubdivi-  Knianapon Ukiah  Valley,  California. 

Potter  Valley Kulanapan Round  Valley,  California. 

Piiebloe Tanoan.  Keresan New  Mexica  and  Arizona. 

1  Zuflian,  Kho^honean 

Puyallup Salishan Puget  Sound. 

Queeto Chimakuan West  Washington. 

Qiiileute Chimakuan West  Washington. 

Qiiinaielt Saliehan Western  Waehiugton. 

Qiiiiiault,  eame    Hf>    (jiii- 

Salishan  tribes,  great  vari- 
ety of  technic. 

San  Carlos  (Apache) Athapascan Soulheastem  Arizona. 

San  Felipe  Mission Ymnan Southern  California. 

Santa  Ross. 
Santa  Ysabel. 

Seminole Mnskhogpan Florida. 

Shasta Sastean In    Shasta  and  Scott  valleys,   Cali- 

Shoshoni ^hoshonean  Great  Interior  Basin. 

Shushwap Saliwhan British  Columbia. 

Sia Kerettan New  Mexico. 

Sikyatki,ruin,ancientTH- Northern  Arizona. 

Sitka KoluHchan Alaska. 

Skagit Salishan Northern  Puget  Sound. 

Skokomish Salishan Upper  Puget  Sound. 

Snohomish Salishan Upper  Puget  Sound. 

Solano,  Me  Napa. 

Spokan Salishan Montana  and  Washington. 

Squaxon Salishan Puget  Sound, 

Suisin,  Kc  Napa. 

Tarku Kolusrhan Tarku  Inlet,  Alaska. 

Yukian California. 

Washington,  border  of  British  Goltmi- 

Salishan British  Columbia. 

Athapascan Alaska. 

Kolusclian Southern  Alaska. 

Athapascan Crescent  City,  California. 

e Athapascan Southern  Arizona. 

Chinoukan Columbia  River. 

Moquelumnun Middle  California. 

Maripusan Southern  California. 

Salishan Puget  Sound,  WaahingitoQ. 
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Tribe.  Family.  Locality. 

Umatilla Shahaptian Oregon. 

Utes,  many  divisions Shoshonean Utah. 

Viard Wishoskan Eel  River,  California. 

Waiam Shahaptian Des  Chutes  River,  Oregon. 

Wailaki Copehan Round  Valley,  California. 

Walapai  for  Hualapai Yuman Northwestern  Arizona. 

Wappo Yukian Alexander  Valley,  California. 

Wasco Chinookan The  Dalles,  Oregon. 

Washoe Washoan Carson  and  elsewhere,  Nevada. 

White  Mountain  Apache.  Athapascan Eastern  Arizona. 

Wichumni Mariposan Sierra  Region,  California. 

Wintun Copehan W.  of  Sacramento  River,  California 

Wushqum Chinookan Columbia  River,  Oregon. 

Yakima Shahaptian Washington  State. 

Yakutat Koluschan About  Yakutat  Bay,  SE.  Alaska. 

Yana  or  Nozi Yanan Near  Redding  California. 

Yaqui Piman Sonora,  Mexico. 

Yo  al  man  i Mariposan Tule  River,  California. 

Yo  er  kal  i Mariposan Tule  River,  California. 

Yokaia Kulanapan Russian  River,   Ukiah  Valley,   Cali- 
fornia. 

Yokut Mariposan Middle  California. 

Yolo Northern  California. 

Yuki Yukian Round  Valley,  California. 

Yuma  tribes Yuman Southern  Arizona  and   Lower  Cali- 
fornia. 

Yurok Weitspekan  Klamath  River,  California. 

Zufli Zuflian Zufli  River,  New  Mexico. 
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INSTRUCTIONS  TO  COLLECTORS  OF  HISTORICAL  AND 

ANTHROPOLOGICAL  SPECIMENS/ 


By  William  Henry  Holmes, 

Head  Curatory  Department  of  Anthropology, 

AND 

Otis  Tufton  Mason, 

Curator,  Division  of  Ethnology. 


The  Smithsonian  Institution  desires  to  obtain  for  the  National  Mu- 
seum from  the  islands  recently  brought  under  the  jurisdiction  of  the 
I    United  States  two  principal  classes  of  objects:  (1)  Those  relating  to 
persons  and  events  connected  with  our  National  History  and  (2)  those 
included  under  the-genei*al  head  of  Anthropology,     The  former  are 
derived  from  a  wide  range  of  sources,  but  a  majority  relate  to  the 
^  progress  of  military  and  naval  operations  at  home  and  abroad.     The 
L\Jatter  illustrate  the  peoples,  and  especially  the  more  primitive  tribes, 
with  whom  civilized  men  come  only  occasionally  in  contact.    It  is 
clear  that  the  Army  and  the  Navy,  and  the  diplomatic  service  are 
the  best  equipped  agencies  of  the  Government  for  the  gathering  of 
historical  materials,  and  at  the  present  time,  as  a  result  of  the  occu- 
pation of  remote  and  little  known  territory,  they  are  also  the  agencies 
to  which  the  country  must  largely  look  for  additions  to  its  anthropo- 
logical treasures. 

Museums  in  other  countries  are  engaged  in  amassing  collections,  and 
are  so  enterprising  that  unless  prompt  measures  are  taken  by  our 
Government  much  will  be  lost  to  us.  The  need  of  action  is  therefore 
immediate. 

In  prosecuting  the  work  it  is  important  that  the  collector  should 
note  that  there  are  some  classes  of  objects  having  greg.t  museum  inter- 
est, yet  not  available  for  museum  purposes  on  account  of  their  bulk, 
such  as  heavy  ordnance,  boats,  and  vehicles  of  large  size,  heavy  machin- 
ery, houses,  etc.  The  limitations  of  space  in  the  National  Museum 
have  always  to  be  considered.  I^rge  objects  may  be  represented  by 
models  (houses,  ^V?  boats,  V^),  and  these  can  be  constructed  by  Museum 

''f  Specially  designed  for  collectors  in  the  insular  possessions  of  the  United  States. 
[3] 
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experts  if  phot^raphs,  sketches,  and  notes  arc  secured.  It  is  not 
unusual,  however,  that  native  art'sanpi  are  clever  at  making  models  od 
a  small  scale. 

Where  there  is  doubt  regarding  the  advisahilitv  of  sending  large 
objects,  or  such  as  may  duplicate  furmer  sending^,  it  is  well  to  await 
advices  from  Washington. 

As  the  amount  of  monev  at  the  disposal  of  the  National  Museuai  for 
the  increase  of  it^  colleoti«>n.'s  is  extremely  smalt,  it  is  desirable  that 
the  authorities  be  consulted  by  the  collector  before  transmittiug  to  it 
objects  whose  acquisition  or  transportation  would  involve  the  expendi- 
ture of  sums  of  money  other  than  nominal  charges. 

HISTORICAL   COLLECTIONS. 

Historical  collections  may  consist  of  a  wide  range  of  objects,  repre- 
senting not  only  America,  but  the  nations  with  which  the  L'nited  State?) 
happens  to  have  relations,  and  particular  interest  attaches  to  suih 
things  as  have  been  associated  directly  with  prominent  national  per- 
sonages or  with  great  national  evcnbj:  these  are  of  lasting  interest  to 
our  people.  Among  appropriate  specimens  may  l»e  mentioned  wftapous 
and  munitions  of  all  kinds — cannon,  rifles,  pistols,  projectiles,  torpe- 
does, swords,  knives,  etc. ;  all  kinds  of  minor  devices  and  appliances 
employed  in  navigation,  land  transportation,  signaling,  engineering, 
etc.;  banners,  unifornw.  costumes,  and  .separate  parts  of  costumes: 
medals,  coins,  Imdges.  iHwks,  documents,  maps,  and  photographs,  and 
in  fact  anything  that  may  serve  as  a  representative  of  historical  per- 
soii^es  or  events. 

Of  more  than  usual  interest  are  the  weapons  and  other  warlike 
appliances  and  paraphernalia  of  the  Philippine  peoples,  representing 
as  they  do  several  races  of  men  and  many  grades  of  culture,  from 
civilization  to  savagery. 

ANTHROPOLOGICAL  COLLECTIONS. 

iropological  collections  are  of  three  kind.s,  to  wit:  Objects  or 
ens;  photographs  and  drawings;  narratives  and  descriptions, 
■ecimens  form  the  cabinet,  the  pictures  give  life  to  the  spe<-i- 
nd  show  them  in  their  true  envii-onment,  the  descriptions  form 
(is  of  all  lal«'ls  and  of  the  literature  of  anthropolt^y. 
)f  these  have  inference,  first,  to  man  himself  (in  this  case  chieHy 
Filipinos),  and.  second,  to  man's  works.  The  former  belong  to 
Im/i/,  the  latt<'r  to  '•f/t/t'/lof/y. 

a.-so.matoix)ok:al  collections. 

itber  people  in  the  world  presents  a  more  important  tield  for 
gh  anthroiMilogical  research  than  the  Filipinos,  in  whose  veins 
le  blood  of  all  the  varieties  of  mankind:  Negrito,  Papuan,  and 
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African  negro;  Polynesian  and  Malay;  Japanese,  Chinese,  and  Cam- 
bodian; Hamite,  Semite,  and  Aryan;  and,  according  to  some  ethnol- 
ogists, a  still  older  stream  of  Caucasian;  finally,  since  uninterrupted 
commerce  went  on  between  the  Philippines,  Mexico,  and  Peru  for  two 
hundred  years,  there  is  not  lacking  evidence  of  a  small  >'ill  of  American 
Indian  blood.  The  following- named  classes  of  observations  and  speci- 
mens are  especially  desirable: 

1.  Observations  on  the  Living. — Concerning  color  in  the  skin, 
hair,  and  eyes;  amount  and  quality  of  the  hair  (whether  tufted,  woolly, 
straight,  or  wavy);  form  of  the  head,  hands,  feet,  and  other  parts; 
deformations  and  mutilations;  stature  and  other  measui'ements,  espe- 
cially upon  the  head;  in  general,  such  outward  marks  as  strike  the 
observant  tmveler  as  peculiar  to  any  group  having  a  name  of  its  own. 
To  these  observations  should  be  added  specimens  of  hair  from  various 
tribes,  scrupulous  care  being  taken  to  procure  them  from  pei'sons  of 
unmixed  blood.  All  of  this  is  with  reference  to  untangling  the  snarl 
of  races  in  the  Philippine  archipelago. 

2.  Anatomical  Collections. — These  consist  of  cmnia,  pelves,  long 
bones,  whole  skeletons,  abnormal  bones,  results  of  rude  surgery,  tre- 
phining, head  flattening,  or  defoniiations  due  to  design  or  to  unde- 
signed custom.  Cmnia  from  caves  are  particularly  desired  at  this  time 
with  reference  to  questions  concerning  the  prehistoric  inhabitants  of 
the  islands.  Special  instructions  will  be  furnished  to  medical  prac- 
titioners and  others  who  wish  to  devote  themselves  to  anthropometry 
in  any  of  its  branches. 

3.  Physiological  Processes. — Including  vital  processes  in  health 
and  disease,  and  physiological  psychology.  The  former  has  reference 
to  race  adaptability  to  climate,  immunity  from  disease,  and  all  such 
idiosyncrasies  as  will  be  useful  in  colonization.  An  excellent  oppor- 
tunity is  here  afforded  of  studying  the  relations  of  a  tropical  climate 
to  the  races.  Physiological  psychology  has  reference  to  accurate 
measurement  of  the  time  and  momentum  of  vital  processes  with  refer- 
ence to  the  nervous  sj'stem.  It  studies  the  relation  between  sensa- 
tion, perception,  feeling,  action,  thought,  etc.,  and  the  anatomy  and 
physiology  of  the  body.  (Consult  Cattell  and  Farrand,  "Physical 
and  mental  measurements  of  the  students  of  Columbia  University," 
Psychol.  Review,  New  York,  III,  1896,  pages  618-648.) 

B.— ETHNOLOGICAL  COLLECTIONS. 

Before  enumerating  in  detail  the  objects  and  information  sought,  a 
few  words  of  explanation  will  be  helpful. 

(a)  Inasmuch  as  it  is  intended  to  present  comprehensively  and 
accurately  the  culture  of  the  native  peoples  of  the  islands,  specimens 
are  not  to  be  excluded  because  they  are  rude  and  homely.     The  very 
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best  that  a  people  can  do  is  never  to  be  rejected,  but  the  commonplace 
is  more  expressive  of  their  daily  lives. 

(b)  A  little  patience  at  the  outset  will  go  a  great  way  in  straighten- 
ing out  the  confusion  of  nomenclature.  It  is  most  desirable  to  assign 
each  specimen  to  its  proper  tribe,  and  to  ascertain  whether  the  name 
refers  to  race  or  blood,  to  language,  to  tribal  or  political  consider- 
ations, to  location,  or  to  some  caprice. 

{c)  Everything  depends  upon  the  label.  At  least  the  use  of  the 
object  should  be  told.  The  common  shipping  tags  are  good  enough 
for  all  purposes.  Each  object  should  bear  a  collector's  number  and 
this  should  correspond  with  a  number  in  the  collector's  notebook.  On 
the  tag  should  be  given  the  common  and  the  native  name  of  the  object, 
the  locality,  the  tribe,  the  use,  and  the  collector.  Much  more  will  be 
written  in  the  notebook. 

{d)  The  crowded  condition  of  the  National  Museum  make^  it  diffi- 
cult to  show  large  objects.  Moreover,  in  making  comparisons  the 
student  and  the  visitor  pass  in  I'eview  a  number  of  small  objects  more 
readily.  It  is  therefore  desirable  to  secure  small  lay  figures  in  costume, 
models  of  clothing,  dwellings,  machines,  land  conveyances,  water 
craft,  and  even  of  villages.  But  the  true  forms  and  parts  and  relations 
should  always  be  preserved.  In  every  case,  whether  full  size  or 
model  be  secured,  it  is  most  da«?ii*able  to  have  the  whole  costume, 
mechanical  device,  carriage,  boat,  or  whatever  it  may  be.  It  is  very 
instructive  to  present  a  prominent  native  art  from  the  raw  material  to 
the  finished  product.  In  many  countries  the  natives  themselves  are 
clever  at  making  small  models  and  costumed  figures  in  native  dress, 
but,  where  this  art  is  lacking,  the  National  Museum  has  skilled  work- 
men who  from  photographs,  drawings,  measurements,  and  descriptions 
are  able  to  make  reproductions. 

To  avoid  repetitions  under  each  head,  let  it  be  said  once  for  all  that 
for  every  art  there  should  be  procured  the  materials,  receptacles, 
tools,  apparatus,  and  products,  together  with  the  best  available  pic- 
tures and  description  of  processes  and  activities  involved.  The  col- 
lector may  not  always  be  able  to  secure  every  detail,  but  completeness 
should  be  aimed  at  in  every  case.  The  fullest  possible  information 
should  accompany  each  specimen. 

L— ARTS  AND  ACTIVITIES  RELATING  TO— 

1.  Food. — Tribal  dietaries.  Lists  of  mineral,  vegetable,  and  animal 
substances  eaten,  pictures  and  models  of  storage  places  and  receptacles, 
apparatus  and  vessels  for  preparing  and  serving  foods.  This  class 
includes  all  that  answers  to  kitchen,  storeroom,  pantry,  and  dining 
utensils,  dishes,  and  cutlery. 

2.  Drinks. — Semicivilized  tribes  in  all  parts  of  the  world  have 
invented  processes  of  fermenting.     In  the  Philippines  it  is  tuha^  from 
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palm  blossoms.  It  is  desirable  to  procure  the  apparatus  employed  in 
the  manufacture,  the  vessels  for  holding,  packing,  transporting,  and 
serving.  The  student  of  folklore  will  find  in  this  class  opportunity 
for  gathering  a  vast  amount  of  material. 

3.  Narcotics,  Drugs,  and  Medicines. — Raw  materials  of  these^ 
and  products  in  various  degrees  of  preparation,  if  possible,  in  native- 
packages,  with  native  names,  always  with  apparatus  and  utensils. 
Betel  outfits,  surgical  instruments  in  common  use,  medicine  men's 
drugs,  and  sorcerers'  healing  paraphernalia.  Poisons  for  men  or  for 
animals. 

4.  Dress  and  Adornment. — This  large  and  interesting  class 
includes  all  that  is  worn  upon  the  person;  even  tattooing  and  fashion- 
able deformations  must  not  be  neglected,  such  as  filing  the  teeth,  etc. 
Clothing  for  men,  women,  and  children,  and  for  each  season  or  occa- 
sion, finds  place  in  this  series.  Whole  costumes  are  preferable  to  sep- 
arate pieces,  and  the  clothing  for  a  family  or  group  is  greatly  to  be 
prized.  But  every  piece  of  native  dress  will  be  valued  in  proportion 
to  the  knowledge  concerning  it.  In  tropical  (Countries  clothing  is  not 
abundant;  for  that  reason  the  little  that  is  worn  is  the  more  significant. 
If  practicable,  models  of  figures,  correctly  dressed,  should  be  secured 
on  the  spot.  For  comparative  studies,  collections  of  head  gear  espe- 
cially, shoes,  etc.,  made  from  island  to  island  and  from  tribe  to  tribe, 
would  be  appreciated. 

5.  Accessories  to  Dress. — By  this  term  are  meant  those  additions 
to  dress  that  are  thought  necessary  to  its  completion  on  common  or 
uncommon  occasions,  head  dresses  of  occasion,  paints,  cosmetics,  per- 
fumes, washes,  d^^es,  unguents,  jewelry  for  various  parts  of  the  body, 
umbrellas,  fans,  staffs,  and  all  such  like  things. 

6.  Habitations  and  other  Buildings. — Descriptions,  pictures  or 
models  of  all  structures  associated  with  the  word  ''home."  This  will 
include  materials,  ground  plans,  framing,  walls,  roofs,  porches,  gal- 
leries, and  other  structural  details,  groupings  of  buildings  to  form  the 
home,  decorations  (outside  and  inside),  partitions,  ceilings,  doors,  win- 
dows, screens,  ladders,  bolts,  locks,  and  other  hardware  and  modes  of 
fastening  parts  together.  The  place  and  uses  of  fire  and  smoke  should 
be  shown  and  described.  Models  of  houses  for  men,  for  women,  for 
boys,  for  assemblies;  of  fences,  gardens,  inclosures  for  animals,  and 
villages  are  most  desirable.  In  the  United  States  National  Museum 
the  standard  ground  plan  unit  for  models  is  20  by  30  inches,  and  if 
practicable  this  may  be  followed. 

7.  Furniture. — This  class  embraces  all  those  appliances  which,  in 
primitive  form,  take  the  place  of  kitchen  utensils,  cellars,  lockups, 
packing  receptacles,  dining-room  and  guest-room  tables,  chairs,  sofas, 
divans^  matting,  racks,  furniture  of  the  bedroom,  in  more  cultured 
homes.     Models  will  suffice  in  the  case  of  bulky  objects. 


COLLECTORS    OF   SPECIMENS — HOLMES    AND   MASON.  [8] 

8.  Mechanics'  Tools. — Already  the  finished  tools  of  American  and 
European  manufacture  have  obtruded  themselves  into  the  Philippines; 
but  the  native  hammers,  saws,  perforators,  rasps,  axes,  knives,  adzes<» 
-clamps,  pincers,  and  binders  are  most  interesting  as  representing  a 
stage  of  invention  between  the  stone  age  and  our  own.  To  add  to 
their  ethnological  value,  descriptions  of  the  peculiar  ways  in  which 
tools  are  held  and  used  should  accompany  the  specimens  and  photo- 
:gi*aphs  of  the  mechanics  at  work.  The  National  Museum  has  already 
a  rich  collection  of  fire-making  devices  from  the  New  World.  Exam- 
ples of  this  class  of  apparatus  from  the  Orient  will  be  most  acceptable. 

9.  Primitive  Engineering. — No  other  problem  in  ethnology  has 
excited  more  lively  interest  than  that  relating  to  the  overcoming  of 
vast  weights  and  difficulties  in  labor.  Every  ingenious  use  of  the 
mechanical  powers — the  inclined  plane,  simple  or  compound  levers, 
roll^s,  wedges,  parbuckles,  pulleys  with  or  without  sheaves,  shear 
poles,  wheel  and  axle,  rope,  and  other  devices  for  lifting  and  moving 
among  the  Filipinos  should  be  shown  in  specimens  and  pictures,  and 
accurately  described. 

10.  Machinery. — Every  tool,  however  simple,  consists  of  two  parts, 
the  working  part  and  the  manual  part.  The  former  has  undei^ne 
little  change  in  form  and  method  of  working,  but  in  the  latter  lies  the 
field  of  invention.  All  rude  devices  for  taking  the  place  of  the  human 
hand  in  producing  or  changing  motion  and  subduing  the  powers  of 
nature— the  waters,  the  air,  gravity,  elasticity,  etc.,  should  be  care- 
fully noted  and  secured. 

11.  Stone  Working. — The  ver}^  beginnings  of  artificial  industry 
and  the  grandest  expressions  of  artistic  skill  are  in  stone.  Appli- 
ances for  quarrying,  chipping,  flaking,  sawing,  grinding,  boring,  and 
polishing  stone  and  stone-like  substances,  together  with  stone  iraple- 
meDts  for  all  purposes,  to  show  the  manner  of  their  manufacture  and 
use  may  be  gathered  exhaustivel}^  to  illustrate  one  of  the  most  inter- 
esting chapters  in  human  progress. 

12.  Ceramic  Art. — Collect  all  the  implements,  processes,  and 
products  of  quarrying  clays,  of  working  them  up  for  the  potter,  of 
the  potter's  art  in  molding,  coiling,  hammering,  modeling,  decorat- 
ing, and  firing,  with  specimens  of  pottery  and  any  other  manufacture 
from  soft  materials,  such  as  rude  glass,  enamel,  inlaying,  etc. 

13.  Metallurgy. — Any  addition  to  the  knowledge  of  those  early 
arts  through  which  the  working  of  metals  passed  before  the  later 
methods  of  fusing  were  invented  will  help  to  complete  a  most  inter- 
esting chapter  in  human  history.  Collections  of  implements,  proc- 
esses and  products  of  mining,  cold-hammering,  forging,  casting, 
soldering,  smelting,  smithing,  and  the  finer  old  hand  processes,  will  be 
most  acceptable.     Photogi-aphs  of  the  artisans  at  work  would  give  life 
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to  such  specimenn.     The  Malay  i*ace  are  skillful  metallui^ists  in  their 
way,  practicing  some  of  the  very  oldast  methods  in  their  craft. 

14.  Woodcraft. — ^The  working  of  wood  is  essentially  the  occupa- 
tion of  men.  It  embraces  the  cutting  down  of  the  tree  or  shrub,  that 
is,  the  hai-vesting  of  the  material  and  treatment  for  seasoning,  straight- 
ening, etc. ;  after  that  comes  working  it  up  for  a  thousand  use^  in 
canoe  building,  cabinet  work,  carving  of  weapons  and  ornaments. 
Woodworkers'  tools  of  all  classes  and  of  the  simplest  forms  may  be 
found  among  the  ruder  tribes  in  the  Philippines. 

1 5.  Textile  Industries. — To  this  class  belong  all  works  in  fiber  and 
all  interlacing  of  material  from  the  coarsest  hedge  to  the  finest  pina 
embroidery,  including  bark  cloth,  fiber,  string,  sennit,  rope,  matting, 
basketry,  cloth  woven  in  frames,  knots,  lac^,  and  needlework.  It  is 
important  to  know  the  native  name,  the  common  name,  and  the  scien- 
tific name  of  every  plant  and  apparatus.  While  any  example  would 
be  valuable  in  a  museum,  there  is  scarcely  another  art  which  lends 
itself  so  handily  to  exhibiting  all  its  materials,  apparatus,  processes, 
and  products.  There  are  some  of  thase  processes  in  which  the  Fili- 
pinos excel. 

16.  Agriculture. — The  domestication,  cultivation,  training,  har- 
vesting, storing,  and  marketing  of  plants  all  lielong  under  the  general 
head  of  agriculture,  beginning  with  those  primitive  processes  by 
which  native  plants  are  somewhat  protected,  and  including  also  horti- 
culture, floriculture,  and  arboriculture.  Models  of  larger  objects  will 
often  suffice,  while  the  camera  will  be  of  excellent  service  in  this  art. 

17.  Milling  Arts. — Including  all  processes  which  take  the  gmin 
and  other  ripened  portions  of  the  plants  from  the  gleaner's  hands  and 
prepare  them  for  the  cook.  Here  belong  mortai-s,  hand  mills,  taro 
graters,  grinding  devices  of  every  sort,  mills  run  by  beast  or  water 
power  for  rice  and  other  plants,  especially  the  machinery  involved; 
sifters,  packing,  and  receptacles. 

18.  Hunting. — In  continental  areas  this  forms  an  immense  class 
of  industrial  objects,  and  even  in  the  Philippines  hunting  vermin  and 
larger  animals  has  developed  ingenuity  especially  in  tmps,  a  full  set 
of  which  is  desired.  The  Negritos  use  bows  and  arrows  of  excellent 
quality,  of  their  own  manufacture,  and  ingenious  harpoon  arrows 
procured  in  trade.  (A.  B.  Meyer,  Die  Negritos,  IX,  folio  publica- 
tions of  the  Royal  Dresden  Museum,  Dresden,  1893,  Stengel.) 

19.  Fishing. — The  inventions  included  in  this  class  are  for  seizing, 
killing,  and  trapping  aquatic  animals  of  all  species.  No  other  series 
would  be  more  attractive  and  instructive  than  a  collection  of  speci- 
mens and  models  of  clubs,  knives,  piercing  devices,  nets,  traps,  weirs, 
pounds,  boats,  costumes,  etc.,  illustiuting  the  pursuit  of  animals  in  the 
fresh  and  salt  waters  of  the  Philippine  Archipelago. 
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20.  Animal  Products. — Here  belong  those  intermediaiy  industrial 
arts  practiced  on  the  parts  of  animals — their  skins,  bones,  shells,  teeth, 
hair,  scales,  feathers,  etc.  In  the  lower  forms  of  culture  an  enormoas 
amount  of  time  is  expended  on  these  arts,  especialh^  in  decorations 
and  jewelry. 

21.  ("uRiNG  Flesh. — One  of  the  earliest  steps  in  the  artificialities 
of  living  is  the  drying,  salting,  and  smoking  of  fish  and  flesh.  Speci- 
mens of  such  art  products  are  difficult  to  preserve  in  a  museum,  except 
hermetically  sealed,  but  the  apparatus  and  processes  may  be  photo- 
graphed and  described. 

22.  Paints  and  Dyes. — ^This  class  includes  the  arts  of  coloring, 
varnishing,  cementing,  and  cleansing  with  mineral,  vegetal,  and  animal 
paints,  dyes,  lacquers,  resins,  gums,  cement,  wax,  used  in  the  arts.  A 
collection  of  any  one  of  these  classes  in  various  stages  of  preparation 
and  use,  together  with  examples,  would  be  prized. 

23.  Transportation  on  Land. — Bv  this  is  meant  all  aids  in  land 
travel,  whether  they  be  the  peculiar  costume  and  accessories  of  going 
afoot,  including  pack,  staff,  and  scrip  of  the  burden  bearer,  or  such 
devices  as  are  employed  in  harnessing  animals.  The  entire  subject 
of  the  water  buffalo,  as  a  pack  and  traction  Ijeast,  is  new  to  the 
National  Museum,  so  harness  and  photographs  of  the  animal  in  all  its 
customary  pursuits  are  desired. 

24.  Transportation  by  Water. — This  is  the  most  interesting  of  all 
native  arts  in  the  Philippines.  When  it  is  remembered  that  the  pre- 
dominant race  on  the  islands  is  the  one  that  discovered  and  settled 
every  archipelago  in  the  Pacific  Ocean  hundreds  of  years  before  Colum- 
bus, without  compass  or  any  other  pilots  than  those  natural  guides  so 
near  to  the  savage  navigator,  it  will  l^e  seen  at  once  how  important 
every  fact  and  specimen  connected  with  water  tmnsportation  becomes. 
To  officers  of  the  Navy  the  National  Museum  makes  a  special  appeal 
for  a  complete  collection  to  illustrate  the  sailor's  art  in  the  Philippines. 

All  devices  forgetting  about  or  transportation  on  the  water  should 
be  included — floats,  rafts,  hulls,  outriggers,  paddles,  rudders,  masts, 
rigging,  sails,  sailing  rules  and  charts,  artificial  waterways,  sea  lore 
and  citift.  Descriptions  of  the  art  and  rules  of  navigation,  accompa- 
nied with  models,  photographs,  and  descriptions  which  onh^  a  skilled 
expert  could  prepare  would  become  of  the  treasures  of  the  Museum. 

25.  Metrics  and  Commerce. — In  comparison  with  the  delicate  and 
intricate  processes  and  devices  for  counting,  weighing,  and  measuring 
used  in  civilization,  the  simpler  ones  among  the  lower  I'aces  are  most 
instructive.  Here  may  be  placed  counting  scores,  records,  tallies, 
arithmetical  devices,  standard  measures  of  length,  of  surface,  of 
capacity  (liquid  and  solid),  of  weight,  of  time  (dials,  clocks,  and  cal- 
endars), of  value  (every  substitute  for  money),  commercial  rules,  fonns, 
and  packages. 
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II.— COMMUNICATION. 

1.  Vocabularies. — There  are  a  multitude  of  languages  spoken  in 
the  Philippines,  and  it  is  highly  important  to  procure  good  vocabula- 
ries of  them  in  a  standard  alphabet.  Already  a  few  languages  have 
been  reduced  to  writing  by  missionaries  and  others,  but  the  systematic 
gathering  of  linguistic  materials  should  be  prosecuted.  (See  Blumen- 
tritt,  in  Report  of  the  Smithsonian  Institution  for  1899.) 

2.  Writing. — This  term  must  be  taken  to  include  all  forms  of  fixing 
language  on  or  in  things,  of  sending  messages  or  preserving  records 
in  knots  or  strings,  of  painting  legends  on  surfaces,  of  scratching 
thoughts  on  bamboo,  as  well  as  the  methods  of  making  and  binding 
books.  The  first  European  travelers  in  the  Philippines  were  aston- 
ished to  find  that  the  great  majority  of  Filipinos  were  literary;  but 
even  the  nonliterary  black  and  brown  tribes  have  some  rude  graphic 
method.  A  collection  of  these  and  of  all  kinds  of  books  and  writing 
material  is  greatly  desired. 

3.  Sign  Language. — Collections  under  this  head  embrace  all  things 
and  processes  other  than  vocal  speech  for  conveying  information — 
gestures  of  the  body,  the  peculiar  way  of  laying  objects,  use  of  mir- 
rors, flag  talk,  drum  language,  ciphers.  Among  all  cultured  peoples 
a  host  of  interesting  actions  are  in  this  line. 

4.  Pedagogics. — Objects  and  apparatus  associated  with  literary 
education.  This  is  also  a  sociological  topic,  but  in  this  class  belong 
the  schoolroom,  the  books,  and  other  appai*atus  for  teaching.  Photo* 
graphs  of  schools  are  specially  desired. 

III.— SOCIAL  LIFE. 

All  that  is  done  by  human  beings  in  groups  is  included  in  the  term 
sociology,  which  may  be  set  forth  for  museum  purposes  in  the  follow- 
ing classes:  Collections  of  objects,  photographs  and  other  pictures  of 
the  groups,  and  good  descriptions  of  their  structures  and  functions. 

1.  The  Fa^iilv. — The  National  Museum  has  made  strenuous  efforts 
to  secure  materials,  pictures,  and  information  useful  in  preparing  lay- 
figure  groups  of  various  peoples,  and  now  desires  to  extend  this  work 
to  the  tribes  of  the  Philippines.  Photographs  of  family  groups, 
together  with  an  account  of  family  structure  and  family  life,  are  most 
necessary.  Polygamy  and  slavery  exist  in  various  forms  in  the 
islands,  affording  an  excellent  opportunity  to  investigate  certain  patri- 
archal types  of  the  family  that  existed  at  the  beginning  of  history. 
Wedding  paraphernalia,  birth  cu^toms  and  costumes,  weaning,  coming 
of  age,  all  belong  in  this  category,  with  their  thousand  and  one  pretty 
things  and  observances  not  to  be  overlooked. 

2.  Political  Organization. — Among  the  American  Indians  the 
tribe  was  the  political  unit.     A  tribe  was  made  up  of  gentes,  or  kinship 
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groups,  tracing  consanguinity  through  the  mother  or  the  father;  a 
number  of  tribes  formed  a  confederacy,  and  a  roving  section  of  the 
tribe  was  a  band.  A  careful  study  of  the  black  and  the  brown  peoples 
of  the  Philippines  will  reveal  also  their  mode  of  union.  Of  each  tribe 
the  collector  should  obtain  accounts  of  organization,  tribal  marks,  tat- 
tooings,  paintings  on  the  body,  badges,  insignia,  costumes  of  chiefs 
and  other  officers,^  assembly  places,  either  in  pictures  or  in  specimens. 
The  whole  group  is  of  radical  importance.  This  class  of  observations 
is  of  the  utmost  consequence  in  the  future  government  of  the  islands. 

3.  Army  and  Navy. — This  includes  the  whole  art  of  war,  offensive 
and  defensive,  on  the  land  and  on  the  water — military  education,  engi- 
neering, strategy,  tactics,  weapons,  armor,  uniforms,  official  badges, 
dags,  banners,  trophies,  artillery,  fortifications,  and  organization  both 
of  the  army  and  of  society  with  reference  to  it.  The  custom  of 
head-hunting  allies  itself  to  American  Indian  scalping  and  should  be 
thoroughly  investigated. 

4.  Lawmaking. — No  tribe  of  mankind  is  without  a  code  of  laws, 
written  or  unwritten,  telling  what  to  do,  what  to  avoid.  In  any  tribe, 
who  make  the  laws?  Where  and  when  do  they  meet?  Is  their 
assembling  coupled  with  ceremonies?  Collections  should  be  made  of 
dress,  regalia,  and  emblems,  and  photographs  taken  of  meetings* 
Copies  of  codes  would  be  highly  prized. 

5.  Courts  of  Justice. — Criminal  codes  and  the  manner  of  securing 
justice  is  a  most  interesting  study  in  the  history  of  comparative 
jurisprudence.  It  is  wrong  to  suppose  that  lower  i*aces  lead  a  lawless 
life.  Among  the  peoples  of  the  Philippines,  how  are  courts  appointed 
and  constituted?  How  are  they  administered?  Describe  and  photo- 
graph meetings.     Collect  paraphernalia.     Give  list  of  crimes. 

6.  Administration. — Under  this  head  collect  specimens,  photo- 
gi'aphs,  and  descriptions  relating  to  the  executive  government  of  the 
tribe — its  organization  and  police;  methods  of  arrest  and  punishment; 
of  collecting  revenues;  of  treating  the  dependent,  delinquent,  and 
defective;  the  relation  of  administration  to  public  works. 

7.  Customs  and  Unions. — This  topic  opens  the  whole  vast  field  of 
society  and  folklore,  of  the  sayings  and  customs  of  the  people  and 
their  unions  for  every  puipose.  Collections  under  this  head  embrace 
all  sorts  of  costumes  and  things  connected  with  games  and  gambling, 
with  the  seasons,  with  going  and  coming,  with  downsitting  and  upris- 
ing.    [See  J.  Lawrence  Gomme,  Handbook  of  Folklore.] 

IV.— esthetic  culture. 

Under  this  general  head  may  be  gathered  all  the  arts  of  pleasure, 
commonly  called  aesthetic  arts.  In  the  uncivilized  areas  art  for  its  own 
sake  has  scarcely'  emancipated  itself  from  other  notions;  it  must  be 
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looked  for  on  and  in  other  classes  of  objects.     The  categories  named 
below  will  show  sufficiently  the  lines  in  which  collections  are  to  be  made: 

1.  Fine  Costume. — Etiquette  of  dress  and  its  ac<;essories. 

2.  Music. — The  National  Museum  already  possesses  one  of  the  best 
cabinets  of  musical  instruments.  Collect  instruments  and  scores, 
photographs  or  drawings  of  the  player  performing.  Add  name  of 
tribe  and  of  the  instrument. 

3.  Graphic  Arts. — Collections  in  this  line  include  the  whole  range 
of  making  pictures  by  an}'  process  whatever.  Examples  should  be 
secured  not  only  of  the  pictures  but  of  graphic  materials  and  uten- 
sils, together  with  descriptions  and  photogi'aphs  of  the  artists  and 
their  studios.  Frequently  graphic  representations  are  made  on  sur- 
faces too  large  to  be  removed;  in  these  cases  pictures  of  them  will 
suffice. 

4.  Sculpture  and  Carving. — The  cutting  of  images  in  wood,  or 
stone,  or  other  hard  material,  is  here  meant.  The  aboriginal  art  of  the 
Philippines  in  this  particular  is  exceedingly  meager,  being  overlaid  or 
replaced  with  Indian,  Muslim,  Chinese,  and  Christian  motives.  Col- 
lect, if  possible,  from  head-hunting  tribes,  the  apparatus  and  products 
of  purely  native  workmanship. 

5.  Ceramic  Art. — All  work  in  clay,  glass,  and  enamels  belongs  to 
this  class.  Especial  attention  should  be  paid  here  to  form  and  decora- 
tions; more  also  to  the  artistic  motives  in  them  than  to  the  technique, 
which  belongs  elsewhere.  An  aesthetic  collection  of  pottery  includes 
specimens  of  the  best  of  every  kind  and  form  from  every  tribe.  Such 
au  exhibit  from  any  area  forms  one  of  the  most  attractive  features  in 
a  museum. 

6.  Textile  Art. — Here  belong  masterpieces  of  bark,  cloth,  mat- 
ting, basketiy,  plaiting,  weaving,  lace  making,  and  embroideiy.  Each 
piece  should  bear  on  the  label  the  name  of  the  tribe,  of  the  plant, 
and  of  the  finished  product.  The  patterns  have  nearly  always  a 
pictorial  meaning. 

7.  Art  in  Metal. — The  Negritos  are  not  workers  in  metal  at  all, 
but  the  brown  peoples  brought  the  art  with  them  to  the  islands.  In 
this  class  belong  the  fine  art  of  the  jeweler  and  the  smith.  The  latter 
put  his  finest  efforts  into  weapons,  which  should  be  collected  not  merely 
for  their  effectiveness  but  also  for  the  beautiful  work  on  them. 

8.  Gardening. — Art  in  trees,  flowers,  and  foliage  plants.  Many 
of  the  most  attractive  plants  in  our  gardens  are  from  the  Orient,  and 
pictures  of  walks,  roads,  etc.,  among  the  bamboo  and  imposing  trop- 
ical trees  are  among  the  most  impressive  attractions. 

0.  Formalities.  -Here  belong  etiquette,  or  the  fine  ait  of  conduct, 
and  ceremony,  or  the  tine  art  of  public  life.  In  the  practice  of  eti- 
quette objects  are  used,  and  these  should  be  secured  on  account  of 
their  associations.     Photographs  and  descriptions  of  correct  mode  in 
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shoes,  hats,  buttons,  jewelry,  umbrellas,  fans,  and   posture    of  the 
body,  belong  here. 

10.  Dramas. — This  is  an  important  element  in  the  life  of  all  ^la- 
layan  and  other  southeastern  Asian  peoples.  The  theater  and  all 
the  pantomime  and  small  play  that  belong  with  it,  so  different  in 
method  from  our  own,  is  a  fascinating  topic  for  the  collector.  It  is 
desirable,  if  practicable,  to  secure  sets  of  masks,  costumes,  and  para- 
phernalia for  a  single  play.  A  collection  of  native  pictures  of  their 
dramas  would  throw  much  light  on  the  drama  itself. 

11.  Oratory. — A  great  deal  is  thought  of  public  speaking  among 
primitive  peoples.  Ascertain  whether  a  class  of  such  persons  exists, 
also  what  their  functions  are,  what  occasions  call  them  forth,  and  what 
are  their  ideals  in  eloquence. 

12.  Literature. — Since  the  invasion  of  the  Philippines  from  India 
in  the  few  centuries  before  our  era,  the  brown  race  have  been  a  liter- 
ar}^  people.  Collections  of  native  efforts  in  poetry,  proverb,  and 
prose  should  be  secured  now.  Already,  three  centuries  of  contact 
with  Europeans  have  obliterated  and  modified  a  great  deal  of  the 
native  literature,  but  the  preservation  of  what  remains  will  form  an 
excellent  body  of  material  for  comparative  studies. 

v.— KNOWLEDGE. 

It  is  now  known  that  knowledge  and  science  have  not  sprung  up 
suddenly,  but  hav^e  been  acquired  through  long  efforts.  All  peoples 
have  their  lore  and  their  wise  men.  The  intellectual  status  of  a  tribe 
truly  rests  on  their  progress  in  this  direction.  This  class  of  studies 
must  not  be  confounded  with  the  rest.  What  does  this  or  that  tribe 
reallv  know  about  nature  and  the  nature  of  things?  How  do  thev 
explain  nature  and  forces  other  than  by  reference  to  sorcery? 

1.  Traditions. — These  are  tribal  memories,  often  mixed  with  other 
things,  but  they  are  the  beginnings  of  history.  It  is  important  to 
know  who  keeps  them,  how  and  when  they  are  recited,  whether  any 
paintings,  knotted  cords,  notched  or  framed  sticks  are  used  as  aids  to 
the  memory,  and  to  secure  these  as  well  as  the  stories  themselves. 

2.  Sayings. — Commonly  called  proverbs.  They  are  accumulated 
tribal  wisdom  about  pmctical  matters.  The  maxims  of  life,  at  home 
and  abroad,  in  the  field,  on  the  waters,  about  the  daily  task,  are  the 
best  ways  of  acting,  found  out  by  many  efforts  and  failures. 

8.  Knowledge. — This  is  the  beginning  of  science.  In  this  class 
belong  the  knowledge  and  use  of  numbers;  observations  on  the 
heavenly  bodies,  not  in  a  mythical  sense,  but  really;  knowledge  of 
rocks,  plants,  animals,  waters,  winds,  mechanical  powers;  aside  from 
the  fabulous,  there  exists  among  even  the  lowest  tribes  a  certain 
amount  of  actual  useful  observation. 
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4.  Philosophy. — Called  also  sophiology,  or  explanation  of  phe- 
nomena. It  is  the  search  for  causes  and  allies  itself  more  and  more 
as  we  descend  the  steps  of  culture  progress  with  personality.  What 
louses  the  sun  to  shine,  the  winds  to  blow,  life  and  death,  and  all  the 
infinite  variety  of  changes  going  on  in  nature. 

VI.— RELIGIONS. 

From  the  point  of  view  of  anthropology,  religion  is  what  is  believed 
concerning  a  spirit  world  and  what  is  done  in  consequence  of  such 
beliefs.  The  former  is  creed,  the  latter  is  cult,  or  worship.  For  the 
museum,  collections  are  needed  of  specimens,  pictures,  and  descrip- 
tions in  the  following  topics: 

1.  The  Pantheon. — In  the  lowest  stage  of  religion,  personality 
belongs  to  all  phenomena,  everything  is  somebody.  In  the  Philip- 
pine.s  the  Negritos  are  said  to  practice  ancestor  worship,  but  no  scien- 
tific study  of  the  subject  has  been  made  among  them.  The  brown 
race  has  its  own  native  pantheon  and,  in  addition,  that  of  Buddhism, 
Mohammedanism,  and  Christianity.  Images  and  native  pictures  of 
the  inhabitants  of  their  spirit  world  are  desired,  4n  their  proper  asso- 
ciations if  possible. 

±  Priesthood. — Under  this  term  include  the  whole  ecclesiastical 
organization  of  the  tribe  with  reference  to  religion.  The  first  thing 
to  ascertain  is  how  society  is  organized  under  this  head.  Who  are 
the  priests?  How  are  they  appointed  and  trained?  How  do  they 
dress  and  act?  Are  they  organized  and  influential?  What  is  their 
function  in  disease,  death,  and  sorcery?  Collect  costume  and  para- 
phernalia relating  to  the  priesthood. 

3.  Sacred  Places. — In  the  higher  forms  of  religion  the  temples 
occupy  the  loftiest  position  in  the  estimation  of  the  people.  No  cost 
is  spared  in  their  erection  or  furniture.  To  profane  these  sacred  pre- 
cincts is  the  most  heinous  oflfense.  Eveiy  tribe  has  its  building, 
grounds,  groves,  tabooed  places  devoted  to  religion,  (connected  with 
these  are  innumemble  costly  objects  and  furnishings  to  please  the 
gods.  Collections  of  these  in  proper  association  are  of  priceless  value. 
To  secure  them  or  correct  representations  of  them  requires  the  greatest 
friendliness. 

4.  Worship. — The  social  conduct  in  the  presence  of  the  gods.  For 
this  there  is  an  elaborate  calendar,  rich  costumes,  processions,  nmsic, 
decorations,  incense,  offerings,  and  sacrifice.  Collections  in  this  single 
particular  from  one  area  would  form  one  of  the  most  attractive  exhibits 
in  the  National  Museum.  There  are  many  social  duties  intimately 
allied  to  religion — circumcision,  naming,  etc. — belonging  to  this  class. 

5.  Private  Religion. — Here  should  be  classed  all  that  brings  the 
individual  into  relation  with  the  divine,  including  talismans,  charms, 
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fetiches,  wayside  offerings,  attitudes,  and  all  that  mass  of  personal 
conduct  which  is  ever  going  on  under  the  suggestion  of  the  presence 
of  spiritual  beings  and  influences.  Collections  in  this  class  axe  not 
so  difficult  to  obtain,  and  are  secured  through  charming  personal 
friendships. 

6.  Religious  Literature. — The  higher  Oriental  religions  have  all 
left  in  the  Philippine  Islands  books  and*  other  writings.  Collections 
of  these  should  be  made,  together  with  information  concerning  the 
native  ase  of  them. 

VII.— ENVIRONMENT. 

The  culture  of  any  people  is  the  result  of  the  people  and  their  envi- 
ronments. It  is  necessary,  therefore,  that  the  Philippine  Islands  be 
studied  in  relation  to  the  inquiries  here  raised.  » 

1.  Celestial  Environment. — Herein  must  be  studied  the  heavenly 
bodies  not  only  in  their  true  relations  to  this  area,  but  as  they  appear 
to  native  eyes  in  their  daily  activities.  The  length  of  the  day  is  an 
important  factor  in  culture. 

2.  Geologic  Environment. — The  physiography  of  the  archipelago 
is  largely  responsible  for  the  present  dispersion  of  the  inhabitants^ 
and  it  everv where  afl'ects  life  and  activities.  Here  also  mav  l>e  placed 
hydrogmphy,  which  depends  partly  on  the  earth  and  partly  on  the 
atmosphere,  and  the  studv  of  volcanoes. 

3.  Meteorologic  Environment.  —All  that  is  studied  in  a  weather 
bureau  falls  into  this  <*Iass,  including  winds,  tempemture,  pressure, 
moisture,  malaria,  storms,  trades,  cyclones,  tornadoes,  and  whatever 
else  of  aerial  phenomena  in  these  islands  affects  the  happiness  or  wel- 
fare of  the  inhabitants. 

4.  MiNERALOGic  P^NviKONMENT. — Collections  of  industrial  minerals, 
with  their  locations,  are  essential  to  an  intelligent  study  of  native  in- 
dustries. 

5.  Botanic  Environment. — The  plant  world  lies  verv  near  to 
human  culture  everywhere.  A  collection  of  Philippine  native  plants, 
with  the  nativ^e  names,  common  names,  and  scientific  names,  coupled 
with  the  uses  to  which  they  are  applied,  would  be  a  museum  treasure. 

6.  ZooLOoic  Environment. — Finally,  the  culture  of  a  people  is 
conditioned  to  the  animals  of  the  land  and  the  water,  friendlv  and 
inimical,  their  migmtions  and  local  habits.  The  food  and  miment  of 
the  natives,  their  shelter  and  employments,  their  family  names  and 
worship,  all  are  attached  to  the  animal  kingdom.  The  native  and 
common  names  and  their  scientific  identification  should  be  carefullv 
seciuvd,  together  with  that  of  the  trilie  in  each  case. 
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NOTE. 

The  Smithsonian  Institution,  whose  first  scientific  memoir  related 
to  the  subject  of  anthropology,  being  the  work  of  Squier  and  Davis 
on  Ancient  Monuments  of  the  Mississippi  Valley,  through  the  efforts 
of  field  workers  and  friends,  early  undertook  to  collect  materials  for 
anatomical  anthropology.  In  the  earlier  years,  with  the  growth  of 
the  Army  Medical  Museum,  it  was  deemed  fitting  that  these  collec- 
tions should  be  deposited  there.  More  recently  they,  and  with  them 
all  the  accumulated  normal  osteological  material  of  the  Army  Medical 
Museum,  were  transferred  to  the  U.  S.  National  Museum.  In  view  of 
this  and  the  growing  importance  and  educational  possibilities  of  the 
science  of  man,  a  Division  of  Physical  Anthropology  was  established 
in  the  National  Museum  and  placed  in  charge  of  Dr.  Ales  Hrdlicka, 
who  is  organizing  and  arranging  the  material  thus  far  acquired  and 
has  already  secured  considerable  accessions.  The  present  instructions, 
prepared  by  him,  are  designed  to  increase  these  collections  and  fill  up 
the  many  gaps  still  existing,  with  a  view  of  facilitating  and  advancing 
the  study  of  the  human  mce,  and  more  especially  of  those  divisions  of 
it  inhabiting  the  United  States. 
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DIRECTIONS  FOR  COLLECTING  INFORMATION  AND 
SPECIMENS  FOR  PHYSICAL  ANTHROPOLOGY. 


By  Ale§  Hrdlicka, 

Assistant  Curator^  Divwion  of  Physical  Anthropology. 


These  instructions,  with  introductory  notes,  are  addressed  to  regular 
and  special  collectors,  and  also  to  those  who  by  their  opportunities  for 
travel  may  help  the  science  of  physical  anthropology. 

The  notes  have  been  restricted  to  what  is  of  most  importance. 
Should  further  information  be  desired,  it  will  be  cheerfully  furnished. 

INTRODUCTION. 

Physical,  i.  e.,  anatomical,  anthropology  is  one  of  the  main  branches 
of  the  extensive*  science  of  mankind.  It  is  that  part  of  anthropology 
in  which  are  studied  variations  in  the  human  body  and  all  its  parts, 
and  particularly  the  differences  of  such  variations  in  the  races,  tribes, 
families,  and  other  welKdefined  groups  of  humanity.  Physical 
anthropology  accumulates  facts  concerning  these  variations  in  every 
part  of  the  earth,^  and  seeks  their  causes  and  significance.  On  the 
basis  of  such  knowledge  and  with  the  help  of  other  sciences  it  endeavors 
to  trace  man's  evolution,  to  show  his  biological  history,  as  well  as  the 
processes  of  differentiation  actually  going  on  in  him,  and  to  outline 
the  tendencies  of  his  physical  life  for  the  future. 

Physical  anthropology  was  specialized  from  general  anatomy  mostly 
during  the  second  half  of  the  nineteenth  century;  its  beginnings,  how- 
ever, date  much  earlier.  Its  pioneers  and  promoters  included  all  the 
great  naturalists  and  anatomists,  as  Blumenbach,  Buffon,  Camper,  Dau- 
benton,  Hunter,  Retzius;  with  its  later  workers  were  Allen,  Broca, 
Biisk,  Milne-Edwards,  Flower,  Morton,  Quatrefages,  Virchow, 
Welcker;  while  among  the  many  living  men  of  science  who 
have  rendered  prominent  services  to  or  are  now  active  in  physical 
anthropology  are  Anutshin,  Beddoe,  Boas,  Dwight,  Haddon,  Hamy, 
Kollman,  Lombroso,  Manouvrier,  Martin,  Matiegka,  Myers,  Pfitzner, 
Pierson,  Ranke,  Retzius,  Schmidt,  Schwalbe,  Sergi,  Tarenetzki,  Topin- 
ard.  Turner,  Waldeyer,  etc.  It  is  evident  that  physical  anthropology 
deserves,  has  received,  and  is  now  receiving  widespread  scientific 
attention  of  the  highest  order. 

[5]  ^ 
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The  work  carried  on  by  physical  anthropologists  cont^ists  of  investi- 
gating and  teaching.  For  both  these,  a  part  of  the  work  has  to  be 
done  on  living  and  a  part  on  dead  representatives  of  races,  tribes,  or 
other  groups  of  mankind. 

The  living  are  examined,  measured,  photographed,  and  ca.st,  either 
in  laboratories  or  in  the  iicld;  but  dead  bodies  or  any  [>arta  of  them 
can  be  studied  or  prepared  for  study,  demonstration,  or  exhibition, 
only  in  laboi-atories  specially  fitted  for  the  purpose.  They  must  be 
gathered  from  hospitals,  morgues,  and  dissecting  rooms;  cleaned, 
catalogued,  and  numbered;  and  then  properly  stored  for  preservation, 
reference,  or  further  investigation.  It  is  plain  that  such  matetial 
can  be  utilized  profitably  only  in  large  institutions  which  can  furnish 
and  maintain  laboratories,  give  proper  care  to  the  material,  and  have 
spaee  for  exhibition  and  storage. 

The  number  of  even  the  more  important  i-aces,  tribes,  and  other 
groups  of  mankind  is  large,  and  for  projwr  research,  instruction,  or 
exhibition,  each  group  must  lie  represented  by  many  individuals.  The 
better  any  group  is  represented  in  numbers  the  more  valuable  will  be 
the  results  in  every  direction.  It  is  for  these  reasons  that  great  col- 
lections in  physical  anthrOpolc^y  are  needed  and  sought  by  such  insti- 
tutions as  the  United  States  National  Museum  and  other  establishments 
where  this  branch  of  science  is  pursued. 

The  necessity  for  large  and  comprehensive  assemblage  of  proper 
material  for  physical  anthropology  has  been  recognized  since  the 
times  of  Blumenbach  (1753-1840),  with  the  result  that  to-day  every 
important  museum  or  institution  of  natural  history  or  anatomy  has  a 
racial  collection  of  skulls,  bones,  etc.     There  are  a  number  of  such  in 
Europe,  headed  by  that  of  the  School  of  Anthropology  in  Paris;  and 
there  are  several  in  the  United  States,  principally  that  in  the  United 
States  National  Museum  (a  larger  part  of  which  was,  up  to  1898,  pre- 
served in  the  Army  Medical  Museum);  and  thase  in  the  Academy  of 
Natural  Sciences,  Philadelphia;  in  the  Pealwdy  Museum,  Cambridge, 
Massachusetts,  and  in  the  American  Museum  of  Natural  History, 
New  York  City.     The  number  of  specimens  in  each  one  of  these  col- 
lections reaches  into  the  thousands,  and  yet  not  only  individually,  but 
even  collectively,  they  are  far  from  properly  representing  even  the 
more  important  actual  groups  of  mankind;  while  the  i-epresentatives 
e  man  of  the  past  are  few  indeed.     Leaving  other  than  American 
;tions  out  of  consideration,  these  are  as  a  whole  fairly  rich  in 
h  American  and  Peruvian  skulls;  poor  in  whole  skeletons;  very 
in  material  from  Alaska,  the  Antilles,  Central  and  South  America, 
ill  as  from  all  parts  of  the  world  outside  of  America;  and  almost 
utely  wanting  in  such  parts  of  the  body  as  the  brain,  or  other 
organs  and  in  racial  fetal  material. 
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All  parts  of  the  body,  from  all  stages  of  life,  are  fit  subjects  for 
physical  anthropology,  because  racial,  tribal,  or  other  group  differ- 
ences are  found  in  all  of  them.  Thus  far,  however,  but  little  attention 
has  been  paid  in  the  United  States  to  anything  besides  the  racial, 
particularly  Indian,  skeletal  constituents,  and  especially  the  skull, 
objects  which  are  of  more  general  interest,  more  abundant,  and  com- 
paratively easy  of  collection  and  transportation.  But  even  with  the 
skulls  and  skeletons  no  systematic  collection  on  a  large  scale,  or  a  col- 
lection comprehending  all  the  important  elements  of  the  population, 
has  ever  been  attempted.  All  of  this  explains  the  condition  of  our 
collections  and  should  indicate  the  way  to  their  improvement. 

There  are  two  lines  along  which  it  will  be  necessary  to  proceed  in 
order  to  improve  the  efficiency  of  American  collections  in  physical 
anthropology,  namely: 

(1)  The  introduction  of  systematic,  comprehensive  gathering  and 
exchanges;  and 

(2)  A  general  bettering  of  the  method  of  collecting. 

Systematic  gathering  and  exchanges  are  functions  of  the  men  in 
charge  of  the  collections,  and  can  be  brought  to  a  proper  degree  of 
efficiency  by  an  association  and  coUabomtion  of  these.  A  general 
bettering  of  the  method  of*  collection  requires,  in  the  first  place,  a 
good,  handy,  and  generally  available  manual  of  advice  and  instruction 
to  those  collectors  who  can  not  be  reached  and  taught  personally. 

A  number  of  '^Instructions"  for  tmvelers  and  anthropologists  are 
in  existence,'*  but  there  is  none,  especially  in  the  English  language, 
strictly  or  sufficiently  devoted  to  collectors  for  physiail  anthropology. 
The  majority  of  these  *'  Instructions"  are  mainly  systems  of  questions 
in  ethnology,  while  others  approach  more  the  character  of  text-books 
on  anthropometry.  There  is  need  for  a  guide  to  show  all  that  physi- 
cal anthropology  needs,  where  and  how  the  specimens  can  be  secured, 
how  they  are  to  be  taken  care  of  before  they  are  received  l)y  the 
Museum,  and  also  what  collateral  observations  are  of  importance  in 
connection  with  the  specimens. 

«Broca,  Pierre- Paul,  Instructions  cranioloji^iques  et  craniometriciues  de  la  S<H'iet6 
d*anthropologie  de  l*aris.  Mt'ni.  Hoc.  d'anthrop.  de  Parin,  2d  nerios,  11;  alsy  1  vol. 
in  8vo,  Paris,  1875. — Broca,  Pierre-Paul,  InHtructions  jr^'Mierales  iH>ur  lea  reeherches 
anthropt)logiques  H  faire  sur  le  vivant,  2d  6<1.,  1  vol.  in  8vo,  Paris,  1879. — Instruc- 
tions for  Research  Relative  to  the  Kthnology  and  Philology  of  America,  by  (ieorge 
Gibbn,  Smithsonian  Miscellaneous  Collecticms,  No.  KJO,  March,  1863. — Notes  and 
Queries  on  Anthroi)ology,  published  by  the  British  Association  for  the  Advance- 
ment of  Science,  Ixjndon,  1874;  3d  ed.,  1899. — Hints  to  Travelers,  publishe<i  for 
the  Royal  Geographical  Society,  London,  1883  (5th  ed.).— Anthropology,  by  E.  B. 
Tyler. — Instruction  fiir  ethnographische  Beobachtungen  und  Sammlungen  in  Cen- 
tral-()stafrika,  published  for  the  Konigliche  Museum  fiir  Volkerkunde,  Berlin,  1896. — 
W.  H.  Holmes  and  ().  T.  Mason,  Instructions  to  Collectors  of  Historical  and  Anthro- 
pological Specimens,  Part  Q  of  Bulletin  39  of  the  United  States  National  Museum, 
Waahington.  1902. 

2727—04 2 


BULLETIN   39,  UNITED   STATES   NATIONAL   MUSEUM.  [8] 

Such  a  guide  is  here  presented.  Nothing  has  been  included  con- 
cerning measurements  of  the  specimens  or  the  living  subjects,  for  the 
re^ason  that  this  requires  much  detail  and  personal  instruction.  Begin- 
ning with  the  present  year  (1904),  such  instructions  can  be  obtained 
free  at  the  Laboratory  of  Physical  Anthropology  in  the  United  States 
National  Museum. 

COLLECTIONS. 
CRANIA  AND  SKELETONS. 

The  skull  and  skeletal  parts  of  man  are  relatively  easy  to  o])tain, 
and  are  of  great  aid  to  anthropology. 

The  skull,  besides  many  other  interesting  features,  preserves  best 
the  zoological  as  well  as  the  racial  characteristics  of  the  individual,  and 
also  the  general  form  and  size  of  by  far  the  most  important  human 
organ,  the  brain.  The  other  parts  of  the  skeleton,  particularly  the 
pelvis,  scapulae,  and  the  long  bones,  besides  aiding  in  zoological  and 
racial  determination,  render  it  possible  to  estimate  the  stature  and 
peculiarities  of  muscular  activity  in  the  individual  and  offer  opportu- 
nities for  investigating  growth,  decline,  and  numerous  other  physiolog- 
ical conditions. 

Moreover,  skull  and  skeletal  remains  are  the  only  physical  remnants 
of  man's  most  ancient  to  his  most  recent  predecessor;  hence  the  only 
objects  from  which  it  may  be  hoped  to  trace  the  biological  evolution 
of  man  and  of  his  varieties,  and  to  learn  the  clianges  that  have  taken 
place  in  peoples  still  represented,  or  even  in  special  families. 

In  addition,  the  osteological  remains  of  peoples,  particularly  the 
less  civilized,  preserve  marks,  such  as  artificial  deformation,  painting, 
staining,  carving,  trephining,  dental  or  other  mutilation,  etc.,  which 
throw  light  on  a  number  of  interesting  phases  in  the  ethnology  of 
these  groups  of  humanity. 

These  brief  remarks  show  the  value  to  anthropology  of  ample  and 
comprehensive  skeletal  material,  including  that  of  the  whites,  often 
neglected;  but  they  also  embody  the  conditions — to  be  dealt  with 
below — regarding  the  proper  methods  of  gathering  this  material. 

Skeletal  remains  are  widely  distributed.  This  subject  has  to  be 
approached  with  the  greatest  delicacy  and  with  profound  respect  for 
those  reverential  beliefs  concerning  the  dead  to  be  found  among  all 
peoples,  the  savage  as  well  as  the  civilized.  The  sources  of  collection 
are  numerous  and  may  be  considered  under  three  headings: 

(1)  Those  among  the  whites  and  other  civilized  peoples; 

(2)  Those  among  primitive  peoples;  and 

(3)  Those  of  extinct  peoples  and  early  man. 
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I. ^TOE  SOURCES  OF  SKELETAL  REMAINS   AMONG   THE    WHITES   AND  OTHER  CIVILIZED 

PEOPLES. 

As  a  large  number  of  human  bodies  ai*e  annually  utilized  for  the 
purposes  of  teaching  and  advancement  of  the  medical  sciences,  the 
dissecting  room  becomes  a  rich  and  convenient  source  of  more  or  less 
normal  osteological  matenal.  If  collection  of  this  be  supplemented 
with  data  concerning  the  sex,  age,  color,  nativity,  occupation,  and 
mode  of  death  of  the  individual,  and  the  specimens  be  properly 
labeled  and  cared  for  (as  is  being  done  in  at  least  one  large  American 
medical  institution),  the  material  becomes  most  suitable  for  many 
anthropological  comparisons. 

In  recent  ossuaries,  or  depositories  of  skeletons  of  large  quantities, 
such  as  are  often  found  in  Latin  countries,  there  is  usually  a  mixture 
of  too  many  elements  in  the  population  for  the  material  to  be  of  much 
value.  But  there  may  be  ossuaries  in  which  all  the  bones  are  of  indi- 
viduals belonging  to  one  race.  In  that  case  at  least  the  skulls  are  as 
good  for  anthropological  study  as  those  of  the  s^-me  people  preserved 
in  any  other  way.  Opportunity  to  secure  such  material  can  often  be 
gained  through  proper  authority. 

Ordinary  cemeteries  still  in  use  offer  little  opportunity  for  acquiring 
good  crania  or  skeletons  for  anthropological  purposes.  But,  when 
an  old  grave  is  opened,  permission  might  be  obtained  to  examine  an 
interesting  skull  or  skeleton. 

It  is  to  be  hoped  that  as  interest  in  the  knowledge  of  our  own  physi- 
cal progress  advances,  old  families  whose  remains  have  been  carefully 
preserved  will  be  willing  to  contribute  to  the  study  of  heredity  by 
permitting  the  measurement  of  these  remains. 

As  phj^sical  anthropology  must  deal  not  only  with  man's  evolution 
and  development,  but  also  with  his  decline,  and  with  arrested  or  reces- 
sive as  much  as  with  normal  and  progressive  characteristics,  it  must 
look  to  asylums,  particularly  those  for  the  aged,  and  institutions  such 
as  those  for  idiots,  insane,  criminals,  etc.,  for  materials  of  this  class. 
The  physicians  connected  with  such  establishments,  under  proper 
advice,  have  it  in  their  power  to  furnish  specimens,  photographs,  and 
descriptions  of  much  value  to  science. 

Catacombs,  old  ossuaries,  and  abandoned  cemeteries  of  known  date 
and  character  contain  invaluable  osteological  series  for  comparison 
with  recent  remains  of  the  same  people.  There  are  in  the  United 
States  many  such  burial  places,  which  are  being  destroyed  by  prog- 
ress, and  the  crania  and  other  bones  from  such  places,  if  collected  on  a 
suflSciently  large  scale,  would  furnish  data,  the  lack  of  which  is  felt 
keenly.  By  the  aid  of  such  remains  the  development  of  the  American 
population  in  various  parts  of  this  country  could  be  well  elucidated. 

If  on  a  battlefield  the  bodies  are  left  unburied,  in  hot  countries  or 
seasons  three  or  four  weeks  suffice  to  either  decompose  and  remove. 
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or  lo  dry  up,  the  soft  parts  to  such  a  degree  that  the  saving  of  the 
skeleton  or  the  whole  body  is  quite  easy.  If  the  bodies  are  interred 
the  rapidity  of  disintegration  in  the  soft  parts  differs  much  according 
to  the  soil,  moisture,  depth  of  burial,  amount  of  clothing,  etc.  At 
the  least,  it  takes  about  a  year  before  the  bones  can  be  removed  with- 
out much  discomfort.  There  is,  it  appears  from  experience,  no  danger 
of  infection  from  a  body  that  has  lain  that  long  in  the  earth;  but  if 
any  clothing  remains  in  the  grave  of  a  recently  buried  individual,  dead 
from  an  infectious  disease,  it  better  not  be  handled  before  a  thorough 
disinfection. 

It  is  to  be  understood  that  in  all  cases  the  collector  should  be  pro- 
vided with  the  proper  consent  or  legal  authorization. 

II. — SOURCES  OF  HKKLETAL   REMAINS   AMONG    MORE   PRIMITIVE   PEOPLES. 

These  sources  comprise  mainly  burials;  bodies  that  have  been  aban- 
doned; the  specially  preserved  skulls  of  relatives  or  enemies;  and  occa- 
sionally, bodies  to  be  found  after  executions,  or  in  some  hospital, 
morgue,  or  dissecting  room. 

The  modes  of  burial  and  the  care  taken  of,  or  sentiments  attached  to, 
the  dead  vary  greatly  with  different  tribes,  and  a  good  local  knowledge 
of  the  same  as  well  as  judgment  and  tact  are  quite  essential  to  success- 
ful collection. 

Some  care  almost  as  a  rule  is  attached  by  the  relatives  or  the  commu- 
nity to  gl*aves  comparatively  recent,  but  there  are  exceptions.  Older 
burials,  particularly  those  of  individuals  not  remembered  and  the 
burials  of  individuals  not  belonging  to  the  tribe  that  occupies  the  ter- 
ritory at  the  time,  are  cared  for  much  less  or  not  at  all,  or  are  even 
feared  or  hated,  and  thus  offer  good  opportunities. 

Bodies  of  those  slain  in  battle  are  often  abandoned  by  the  defeated 
tribe  and  either  left  exposed  or  buried  in  a  heap.  As  most  or  all  of 
the  fallen  were  men  in  good  physical  condition,  such  material,  if  not 
mixed,  is  jmrticularly  valuable. 

Those  who  died  of  certain  diseases,  more  rarely  the  aged  or  helpless, 
and  in  some  instances  new-born  children,  are  abandoned  b}^  their  p<»o- 
ple  and  may  afford  some  opportunity  to  the  collector. 

There  are  still  tribes  on  this  continent,  but  particularly  in  the  Phil- 
ippines, Borneo,  Formosa,  Andaman  Islands,  New  Guinea,  certain 
parts  of  Africa,  etc.,  among  whom  the  skulls  or  all  skeletal  parts  of 
relatives,  or  the  skulls  of  the  enemies,  are  cleaned,  not  seldom  deco- 
rated, and  at  least  for  a  time  guarded.  (lenerally  such  material  is  not 
easy  to  obtain,  yet  limited  collections  of  it  had  been  made  by  a  number 
of  travelers  or  explorers,  showing  that  the  acquisition  is  not  impossible. 

Executions  of  criminals  or  captives  belonging  to  primitive  tribes  are 
not  rare,  and  the  opportunities  should  be  fully  utilized  for  the  benefit 
of  science.     And  the  same  is  true  of  individuals  of  other  races  than 


[11]      OOLLECTINQ    ANTHROPOLOGICAL   INFORMATION HRDLICkA. 

white,  who  die  in  the  public  institutions  or  are  relegated  to  the  morgue 
or  dissecting  room. 

The  question  in  all  these  caefes  is  the  utilization  of  inert  and  other- 
f        wise  useless  remains  for  the  best  interests  of  humanity  in  general. 

III. — 8KBLETAL   MATERIAL   OP   ANCIENT    PEOPLES   AND   OF    EARLY    MAN. 

Under  this  heading  we  approach  a  field  in  which  are  demanded  from 
the  collector  freedom  from  preconceived  opinions,  the  utmost  ciire, 
I  and  often  considerable  knowledge  and  experience.  The  further  back 
I  in  time  we  recede  from  the  actual  period,  the  more  essential  become 
the  preservation  of  the  specimens  and  of  all  objects  associated  with 
them,  and  the  correct  localization  of  all  with  reference  to  geological 
formations.  The  very  existence,  }>esides  the  period,  of  early  man,  in 
any  part  of  the  world,  depends  on  proofs  of  geological  character. 

The  osteological  remains  of  tribes  or  peoples  who  lived  within  the 
last  three  or  four  thousand  years,  are  met  with  in  fair  abundance,  at 
least  in  certain  localities.  They  are  found  in  tombs,  in  the  rooms  or 
under  the  floors  of  ruined  dwellings,  in  mounds,  caves,  rock  crevices, 
or  mines,  and  in  more  or  less  onlinary  burials. 

The  bones  are  best  preserved  in  dry  caves,  least  so  in  exposed 
graves.  When  the  latter  ai*e  opened  the  bones  are  often  found  in 
such  condition  that  it  is  impossible  to  preserve  them;  but  occasionally 
with  special  care  something  of  value  can  be  saved. 

Not  seldom  the  indications  of  the  presence  of  old  human  remains, 
particularly  in  our  Southwest,  are  protruding  slabs  of  stone,  or  numerous 
potsherds  of  better  class  of  pottery.  Mounds  and  caves  always 
demand  exploration,  for  if  they  have  not  been  disturbed  there  is 
usually  no  surface  sign  to  show  whether  or  not  they  contain  burials. 
Where  there  are  signs  of  sedentary  people,  it  may  be  expected  to  find 
at  least  a  part  of  the  burials  somewhere  near,  and  clustered.  The 
existence  of  the  custom  of  cremation  in  a  certain  region  does  not  pre- 
clude the  possibility  of  finding  limited  numbers  of  non-cremated  rem- 
nants of  bodies  in  the  same  region  and  from  the  sjime  people. 

All  exploration  for  the  skeletal  remains  of  early  man  should  be 
intrusted  to  thoroughly  trained  men  only.  The  value  of  such  remains 
depends  entirely  upon  the  circumstantial  evidence  of  the  find.  Yet 
any  educated  man  can,  if  an  opportunity  arises,  do  a  great  service  to 
science  by  calling  the  attention  of  trained  anthropologists  or  geol- 
ogists to  finds  that  seem  to  indicate  the  presence  of  early  man. 

It  is  impossible  to  indicate  with  any  degree  of  probability  the  loca- 
tions of  such  early  remnants.  The  bones  of  paleolithic  man  of  Europe 
are  mainly  discovered  in  caves.  In  such  a  case  it  becomes  of  impor- 
tance to  examine  all  the  caves  in  the  region,  or  at  least  all  those 
dating  from  the  same  epoch.  In  general,  all  older  wind,  alluvial, 
and  glacial  deposits  deserve  attention. 
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As  to  earliest  man,  and  his  predecessors,  their  skeletal  remnants 
must  be  patiently  looked  for  in  countries  that  ]iave  been  most  fit  for 
the  constitution  and  life  of  such  beings  at  the  time  they  came  into 
existence.  If  it  were  possible  to  trace  and  explore  the  vicinities  of 
the  lakes  and  rivers  in  the  semitropical  regions  of  the  later  tertiary 
and  quaternary  periods  and  find  their  caves  undisturbed,  a  great  deal 
could  be  expected.  As  it  is,  science  is  reduced  to  the  necessity  of 
awaiting  and  following  up  accidental  discoveries.  But  in  order  that 
opportunities  for  making  such  discoveries  l>e  not  lost,  an  intelligent 
watch  should  be  kept  over  all  excavations,  such  as  wells,  cellars,  rail- 
road cuts,  canals,  etc.,  in  regions  where,  from  geological  and  climato- 
logical  reasons,  early  man  could  possibly  have  existed,  and  especially 
where  some  finds  pointing  to  him  have  already  been  made. 

DIRECTIONS  FOR  COLLECTING,    EXCAVATING,    MARKING,    PACKING,    AND    SHIPPING    OfirTBO- 

LOGICAL   MATERIAL.  * 

The  main  rules  for  the  collector  are: 

Handle  all  skeletal  material  with  care;  secure  all  the  identification 
possible;  where  other  parts  of  the  body  besides  the  skull  are  collected, 
and  there  are  more  skeletons,  assure  the  separability  of  each  individual; 
if  at  all  feasible,  take  every  part  and  fragment  of  the  skeleton  found  in 
a  given  place;  gather  everything  of  archeological  and  ethnological 
value  that  can  be  conveniently  moved;  supplement  your  finds  with 
notes  and  photographs  or  sketches.  If  there  is  reason  to  believe 
that  the  remains  may  be  those  of  early  man,  let  everj^thing  discovered 
remain  in  situ  until  an  expert  can  take  charge  of  the  excavation;  or, 
if  the  calling  or  coming  of  an  expert  be  impossible,  have  eveiy  step  of 
the  work  witnessed  and  supplemented  by  photographs. 

The  collector  must  exercise  due  care  in  order  to  preserve  the  various 
parts  of  the  skeleton  as  near  as  possible  entire.  A  damaged  or  broken 
skull  or  bone  is  not  useles,  but,  even  if  repair  be  poasible,  it  is  mostly 
less  useful  than  it  would  have  been  if  not  injured. 

The  implements  for  excavation  are  a  shovel,  hoe,  one  or  more 
trowels,  a  small,  sharp  stick,  and  a  rather  stiff  brush.  The  sharp- 
pointed  pick  and  bar  are  to  be  avoided,  unless  the  hardness  of  the  sur- 
face makes  their  use  imperative.  As  soon  as  any  part  of  the  body  is 
reached,  it  is  best  to  finish  the  exposure  with  the  trowel  and  brush 
only. 

If  the  bones  found  are  in  a  bad  condition  and  tend  to  crumble,  some 
attempt  at  the  preservation  of  at  least  the  skull  may  be  tried;  but  such 
attempts  are  seldom  fully  successful.  At  times  a  free  exposure  of  the 
specimen  hardens  it  remarkably.  Some  melted  paraffin  or  a  solution 
of  shellac  in  alcohol  may  be  tried,  if  convenient;  the  skull  is  to  be 
cleaned  with  the  brush  and  the  liquid  then  poured  over  it,  to  infiltrate 
the  bone.     Glue  is  of  little  value  except  perhaps  where  the  bone  tends 
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to  peel  off  in  scales.  A  fairly  good  method  is  the  inclosing  of  the 
cleaned  skull  or  bone  within  a  moderate  layer  of  plaster  of  Paris  (after 
the  surface  of  the  skull  shall  have  been  covered  and  all  interstices 
filled  with  fat  or  cotton  or  suitable  rags).  When  a  skull  thus  treated 
dries,  the  earth  that  fills  the  cavity  may  be  emptied  through  the  fora- 
men magnum  to  diminish  the  weight;  but  the  plaster  must  not  be 
disturbed  until  after  the  specimen  has  reached  its  destination. 

It  is  essential  to  identify  the  tribe  or  people  of  the  individuals  to 
whom  the  recovered  bones  belonged.  Such  identification  may  be 
obtained  by  the  collector  himself  through  direct  knowledge,  or  arrived 
at  from  data  and  specimens  f uraished  by  him  from  the  ethnological  or 
archeological  features  of  the  burial.  Keeping  the  individuals  sepa- 
rate, where  other  parts  of  the  skeletons  than  the  crania  are  collected, 
is  highly  important,  and  very  simply  achieved  by  marking  with  an 
aniline  pencil  each  part  of  every  skeleton  with  a  serial  number.  Such 
marking  avoids  the  often  inconvenient  or  even  impracticable  packing 
of  each  skeleton  in  a  separate  package. 

It  is  an  error  to  collect  only  the  crania,  or  even  only  the  best  or 
adult  crania,  when  more  could  have  been  secured.  It  is  best  to 
save  every  piece  of  each  skeleton  and  leave  elimination  of  the  useless 
to  those  in  charge  of  the  material  in  institutions.  Where  skulls  or 
bones  are  merely  broken,  it  is  often  possible  to  reconstruct  the  speci- 
men. The  collection  of  ethnological  objects  found  associated  with 
the  skeletal  material  serves  not  only  for  purposes  of  identification, 
but  also  throws  light  upon  the  age  of  the  burial  and  upon  the  culture 
of  the  people. 

Supplement  all  finds  by  notes  taken  on  the  spot,  and  let  them  be  as 
accurate  and  circumstantial  as  possible.  Note  the  location,  character, 
and  all  learned  of  the  burial  place;  its  relative  position  with  respect 
to  ruins,  if  such  be  near;  the  manner  of  burial,  the  depth  of  graves, 
and  the  position  of  bodies;  ethnological  or  archeological  articles  found, 
and  where,  etc.  The  circumstances  of  each  find  naturally  determine 
the  points  of  most  importance. 

The  packing  of  bones  and  skulls  in  good  condition  is  quite  easy. 
Almost  any  light  and  elastic  material  may  be  used,  such  as  papers, 
hair,  rags,  cut  straw,  leaves,  twigs,  sawdust,  etc.,  and  any  box,  barrel, 
basket,  or  crate  will  do  for  transportation  or  until  something  better 
can  be  provided.  Bags  should  be  avoided  as  much  as  possible,  for 
bones  are  easily  broken  in  them.  It  is  well  to  pack  the  skulls  apart 
from  the  rest  of  the  bones.  Place  a  pad  between  the  teeth,  to  pre- 
vent their  breaking  or  loss.  Surround  each  skull  with  cloth  or  papers 
and  pack  tightly.  A  number  of  soap  or  other  smaller  boxes  may  be 
inclosed  in  a  case,  which  diminishes  the  chances  of  breakage,  but  it 
is  seldom  possible  to  do  this  in  the  field.  An  excellent  but  not  often 
practicable  method  is  to  have  little  boxes  made  especially  for  that 
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purpose,  each  of  which  accommodates  only  one  skull,  and  to  place 
these  in  a  large,  strong  case.  If  skulls  are  to  be  sent  a  long  distance, 
the  original  boxes  or  crates  should  always  V>e  packed  into  large  ones. 
Other  bones  of  the  skeleton  need  a  less  careful  attention. 

If  the  skulls  and  bones  are  fragile,  their  packing  and  safe  trans- 
portation is  often  difficult.  In  such  instances  finely  cut  straw,  or 
short  hay,  or  very  dry  sawdust,  are  the  most  valuable  packing,  and 
each  skull  or  small  bundle  of  bones  should  be  boxed  separately  or  well 
separated  from  others.  Every  delicate  skull  should  be  tied  in  a  piece 
of  cloth  which  insures  the  keeping  together  of  the  fragments  if  the 
specimen  be  broken. 

With  each  skull  or  skeleton  should  be  a  piece  of  paper  containing 
the  collector's  number,  the  locality,  and  the  identification  of  the 
specimen. 

The  shipping  of  osteological  material  from  foreign  countries  is 
fraught  with  few  difficulties.  Even  where  there  are  laws  prohibiting 
the  exportation  of  antiquities,  as  for  instance  in  Mexico,  human  bones 
may  be  sent  out.  It  is  necessary  in  such  instances  not  to  include  in 
the  boxes  with  the  bones  any  other  specimens,  and  to  plainly  mark  the 
contents  as  well  as  their  destination  on  the  box.  In  exceptional  cases 
aid  in  exporting  material  can  be  obtained  through  the  local  or  consular 
authorities. 

There  is  no  danger  of  transmitting  contagion  with  bones;  but  some 
care  must  be  exercised  with  the  packing  material. 

If  bones  not  yet  fully  devoid  of  smell  are  to  be  sent,  they  should  be 
placed  in  very  dry  grass  or  sawdust,  or  into  a  mixture  of  these  with 
salt;  and  it  may  be  necessary  to  put  the  smaller  boxes  containing  the 
specimens  into  a  large  ease  and  surround  them  with  charcoal.  Steep- 
ing for  a  brief  time  in  a  stronger  solution  of  fonnalin  would  obviate 
all  smell,  but  would  also  render  the  bones,  if  they  still  had  some  soft 
parts  adhering,  very  difficult  of  preparation. 

BRAINS. 

There  is  no  other  organ  in  the  human  body  that  differs  more  from 
a  similar  organ  in  the  animal  than  the  brain.  The  differentiation  of 
the  brain  not  only  separates  man  widely  from  all  other  animals,  but 
tends  to  place  in  different  grades  individuals  and  smaller  or  larger 
groups  within  the  human  species  itself,  all  of  which  points  to  the 
interest  in  and  necessity  for  a  thorough  investigation  of  this  organ. 

Within  the  last  century  a  large  amount  of  research  has  been  made 
on  the  brain  of  the  whites.  With  all  that,  there  are  many  parts  of 
the  organ  of  which  no  one  knows  the  function;  there  are  many  obscure 
points  concerning  the  development  and  decline  of  the  brain;  the 
gyration  of  the  surface  requires  further  attention;  the  relation  of 
convolutions  and  brain  weight  to  age,  sex,  weight,  and  size  of  the 
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body,  and  to  functional,  including  mental,  activities,  needs  further 
elucidation;  and  as  to  the  investigation  of  histological  and  chemical 
differences  and  their  signification,  scarcely  a  beginning  has  been  made. 

As  to  the  brains  of  other  races  but  little  is  known.  For  instance, 
the  brain  of  a  North  American  Indian  has  never  been  described,  nor  is 
there,  so  far  as  known,  a  good  specimen  of  such  a  brain  in  existence. 
And  this  is  more  or  less  the  case  with  regard  to  all  other  primitive 
tribes.  Even  of  such  peoples  as  the  Chinese,  Hindoos,  and  negroes 
the  number  of  bmins  well  preserved  or  described  is  very  limited. 

As  there  is  no  ample  and  generally  available  collection  of  racial 
brains  in  existence  and  such  a  collection  is  particularly  desirable  in 
this  country,  an  effort  is  being  made  to  establish  one  in  the  Division 
of  Physical  Anthropology  of  the  U.  S.  National  Museum. 

There  are  abundant  opportunities  in  the  United  States  for  obtaining 
and  preserving  brains  of  American  and  foreign  born  whites  of  all 
grades  of  intellectual  development,  and  those  of  the  American  negroes, 
which  will  be  of  increasing  interest  on  account  of  the  intellectual  pro- 
gress and  mixture  of  this  element  in  th^  American  population.  There 
is  no  doubt  that  there  could  also  be  secured,  now  and  then,  the  brain 
of  an  American  Indian,  although  the  matter  is  more  delicate  and  diffi- 
cult. In  the  Philippines  and  other  United  States  dependencies  the 
opportunity  is  favorable,  and  exceptionally  good  occasions  for  acquir- 
ing negro  and  probably  Indian  and  other  brains  will  be  presented 
during  the  constiaiction  of  the  Panama  Canal. 

With  such  prospects  there  is  a  substantial  hope  that  if  the  proper 
persons  can  be  acquainted  with  the  wants  of  the  National  Museum 
there  will  before  long  be  a  most  valuable  gathering  of  brains  in  the 
collections  there. 

Through  the  present  cooperation  between  the  Departments  of 
Anthropology  and  Biology  in  the  National  Museum,  the  i*acial  brain 
collection  is  being  supplemented  by  a  similar  one  of  zoological  charac- 
ter. A  good  beginning  has  been  made;  at  the  end  of  the  year  1903, 
five  months  after  the  beginning  of  the  collection,  the  total  number  of 
preserved  human  and  other  brains  in  the  Museum  reached  nearl}"  one 
hundred,  and  at  the  end  of  July,  1904,  this  number  has  a  little  more 
than  doubled. 

DIRECTIONS   TO   COLLECTORS. 

Answers  to  the  following  questions  should  accompany  each  brain: 
a.  Name  and  location  of  tribe? 
J.  Sex  of  the  individual? 

c.  Pure  blood  or  mixed? 

d.  Real  or  approximate  age  ? 
€,  Cause  of  death  ? 

f.  Length  of  body  ? 
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The  body  length  is  the  distance  from  the  vertex  to  the  heels  in  a 
straight  line,  the  feet  being,  if  possible,  flexed  at  right  angles  to  the 
legs.  Mark  the  points  and  measure  on  whatever  the  body  lies  upon, 
not  on  the  body  itself. 

In  warm  climates  the  brain,  if  it  is  to  be  of  any  value  for  investiga- 
tion, must  be  taken  out  and  placed  in  a  preservative  within  twenty- four 
hours  after  death;  in  cold  climate  or  season,  if  the  body  was  more  or 
less  exposed  to  cold,  the  brain  may  be  in  good  condition  even  several 
days  after  death. 

In  taking  out  the  brain,  make  a  scalp  cut  from  ear  to  ear  over  the 
top  of  the  head  and  push  and  dissect  the  skin  liackward  and  forward 
until  most  of  the  skull  cap  is  exposed.  Mark  your  proposed  cut  with 
a  knife.  Cut  the  bone  right  above  the  supraorbital  ridges  and  low 
along  the  sides,  finishing  below  the  oc<;ipital  protuberance.  Use  all 
care  not  to  injure  the  brain  (it  will  be  of  value,  however,  even  if  slightly 
injured).  To  avoid  cuts  of  the  brain  substance  do  not  saw  the  bone 
wholly  through,  but  help  to  detach  the  cap  with  hammer  and  chisel. 
Any  saw  and  chisel,  if  propetly  and  patiently  used,  will  accomplish 
the  purpose.     Circular  cut  of  the  skull  is  easier  than  the  angular. 

When  the  skull  cap  is  lifted,  cover  the  shaip  edges  of  the  back  part 
of  the  skull  with  cloth  or  cotton,  to  avoid  injury  to  the  brain.  Cut 
carefully  the  dui"a  mater  on  each  side  of  the  middle  line  (with  scissors). 
Cut  and  remove  carefully  that  part  of  the  dura  that  lies  between  the 
halves  of  the  cerebrum.  Begin  to  remove  the  brain  from  the  front. 
Cut  all  nerves  and,  finally,  the  spinal  cord.  Open  the  tentorium  as 
you  come  to  it  wholly,  and,  helping  with  one  hand  from  within,  receive 
the  bmin  into  the  palm  of  the  other  hand. 

If  there  is  any  possibility  of  doing  so^  weigh  the  hrain  immediately 
aftei'  extraction. 

Place  the  specimen  at  once  in  a  vessel,  base  downward,  upon  a  thick 
layer  of  .cotton.  Introduce  a  thin  layer  of  cotton  between  the  cere- 
bellum and  cerebrum.  See  that  the  specimen  rests  evenly.  Cover 
with  another  layer  of  cotton,  but  use  no  pressure,  and  pour  in  an 
excess  of  ten  per  cent  formalin.  Any  large  tin  kettle  or  other  vessel 
that  can  be  closed  and  made  tight  with  wax,  gum,  or  other  sub- 
stance, so  that  it  does  not  leak,  will  do  for  keeping  and  sending  the 
brain  in.  To  those  who  apply,  the  Museum  will  gladly  furnish  suitable 
metal  receptacles. 

The  specimen  can  l)e  sent,  well  covered  with  cotton,  at  once;  but  the 
better  way  is  to  send  it  after  eight  days,  when  it  is  already  hardened. 
Upon  receiving  the  specimen,  the  charges  for  transportation  will  be 
paid  })y  the  National  Museum.  Address:  U.  S.  National  Museum, 
Washington,  D.  C,  Department  of  Anthropology.  Inclose  a  copy 
and  soon  after  mail  a  duplicate  of  the  required  information,  and  give 
your  full  name,  title,  and  address,  so  that  proper  credit  can  be  given. 
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The  marks  of  the  autopsy  may  be  obliterated  by  making  several 
opposite  holes  in  the  two  parts  of  the  skull  with  a  drill;  wire  or  tie 
the  parts  together,  and  sew  the  scalp  with  a  small,  continuous  stitch, 
combing  the  hair  over  all.  In  that  manner  the  signs  left  are  less  than 
those  after  some  scalp  wounds  or  operations. 

Whenever  possible  all  work  connected  with  removinj^  the  brain  may 
be  obviated  by  sending  the  entire  head.  In  winter,  a  head  can  be  sent 
as  it  is,  after  being  covered  by  cotton  saturated  with  ten  per  cent 
formalin;  in  hot  weather  it  is  necessary  to  make  in  addition  an  injec- 
tion of  ten  per  cent  formalin  through  the  carotids. 

In  an  emergency  a  specimen  may  be  sent  in  alcohol  or  strong  liquor. 

EMBRYOLOGICAL  MATERIAL. 

The  great  value  of  embryological  and  infant  material  for  physical 
anthropology  has  not  yet  received  the  attention  deserved.  It  is  this 
material  alone  from  which  may  be  learned  racial  differences  or  simi- 
larities in  the  early  phases  of  human  development,  and  it  is  this  mate- 
rial alone  which  can  give  instructive  developmental  series  of  bmins, 
bones  of  the  skull  and  skeleton,  teeth,  etc.,  for  Museum  exhibits. 
There  are  undoubtedly  many  physicians  who  would  be  glad  to  furnish 
to  the  Museum  this  sort  of  material  if  made  acquainted  with  its  needs. 
A  good  start  has  already  been  made  in  the  National  Museum  in  this 
direction. 

SUGGESTIONS  TO   COLLECTORS. 

Embryos,  fetuses,  and  other  products,  of  both  sexes  and  all  ages, 
are  desired.  The  fresher  the  product  the  better;  but  even  if  decom- 
position is  advancing  the  body  is  still  of  undiminished  value  for  the 
skeleton.  The  smaller  specimens  of  this  nature  can  be  sent  directly 
to  the  Museum;  but  in  cases  of  premature  birth  or  stillbirth,  or  an 
older  .body,  it  may  be  necessary  to  secure  a  permission  to  send  the 
specimen  from  the  local  board  of  health.  In  the  District  of  Colum- 
bia, in  the  case  of  a  premature  or  stillbirth,  it  is  by  law  necessary  to 
fill  out  the  regular  return  of  a  stillbirth,  to  specify  as  the  *' place  of 
burial"  the  National  Museum,  and  to  make  the  following  addition  on 
the  back  of  the  certificate: 

I  hereby  authorize  [name  of  the  curator]  to  dispose  of  the  within-described 
remains  as  he  sees  proper,  only  in  accordance,  however,  with  the  laws  of  the  District 
of  Columbia. 


(Signature  of  father  or,  in  his  absence,  of  mother.) 

The  specimen  and  return  are  then  sent  through  the  regular  channel, 
the  body,  if  the  permission  of  the  board  of  health  be  granted,  being 
delivered  by  the  agent  of  the  Board  to  the  Museum. 


BULLETIN   39,   UNITED   STATES   NATIONAL   MUSEUM.         [18] 

If  possible,  the  i4pecimcns  that  go  directly  to  the  Museum  should  he 
sent  fi'esh.  Where  this  can  not  be  done  they  may  l)c  sent  in  a  well- 
closed  vessel  in  any  antiseptic  sohition  convenient  (carbolic  acid, 
ai'senite  of  soda,  chloride  of  zinc,  strong  salt  solution,  alcohol).  For- 
malin must  not  be  used,  for  it  renders  the  maceration  of  bodies  for 
skeletons  almost  impossil>le. 

-In  all  cases  where  the  slightest  difficulty  might  be  encountej»d  it  in 
best  to  communicate  at  once  with  the  Division  of  Phy>*!<'al  Anthro- 
pology, National  Museum,  and  all  needed  aid  or  information  will  be 
given. 

l'HOT(t(iltAPHS  AND  CA8TS. 

In  demonstrations  and  Museum  exhibits,  a.s  well  as  in  original 
investigations,  a  very  impoi'tant  part  i.s  played  by  good  photographs 
and  caste.  A  complete  collection  in  physical  anthropology  ought  to 
include  a  i-epresentation  in  excellent  photographs  and  facial  or  whole 
head  casts  of  every  important  bi-anuh  and  group  of  humanity.  As  it 
is,  there  is  no  institution  that  possesses  photographs  or  ca«t.s  of  the 
various  racial  divisions  of  even  the  whites  alone.  Nor  coul<l  there 
be  made  as  yet  in  any  institution  with  an  anthropological  section 
an  exhibit  of  any  one  nation,  illustrating  physical  types,  or  such 
groups  as  that  of  the  most  beautiful  individuals,  the  greatest  athletes, 
the  foremost  literary  men,  artists  or  inventors,  in  that  nation.  More 
has  really  l>ecn  done  in  this  respect  on  primitive  [copies  than  on 
those  more  civilized;  but  there  is  everywhere  an  opportunity  for 
doing  better. 

What  is  required,  and  of  which  nothing  can  <]uite  take  the  place,  ii 
a  systematic  gathering  of  lH)th  photogniphs  and  casts.  Such  a  desid- 
eratum will  undoubtedly  some  time  be  realized.  In  the  meanwhile  all 
contribution  of  good  photographs  or  casts,  from  whatever  part  of  the 
world  they  may  be,  will  be  welcomt^  and  useful. 

The  most  valuable  photographs  arc  those  of  nude,  partly  nude,  or 
but  simply  drcHyed  individuals,  from  glass  negatives  of  at  least  5  by  7 
inches.  If  larger  plates  are  used,  well  arranged  grouiMi  of  several 
persons  of  the  same  sex  are  of  particular  interest. 

If  an  opportunity  to  make  photographs  or  casts  is  limited,  choose 
only  adults  of  middle  age;  otherwise  extend  at  least  the  photography 
to  ail.     Very  interesting  series  are  aifopdcd  by  whole  families. 

If  individuals  are  photographed,  it  is  well  to  take  the  full  face  and 
I  only  a  full  face  is  required.  The  best  posture 
it  natural  to  that  person;  but  the  eyes  should 
obsei've  some  object  straight  in  front  and  about 
)tographcr  should  know  the  distance  at  which 
st  portraits  with  his  instrnmcnt,  and  all  indi- 
should  bo  placed  at  tlic  same  distance  from  his 
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It  is  more  valuable  to  send  negatives  witii  prints,  than  print*j  alone; 
in  a  laboratory  almost  all  negatives  can  l>c  more  or  less  Improved, 
while  the  possible  bettering  of  the  prints  is  very  limited.  It  is  also 
muck  easier  to  make  a  good  lantern  slide  or  enlargement  from  a  n^a- 
tive  than  from  a  print. 

Ib  rapid  or  extensive  traveling  it  may  be  impracticable  to  use  glass 
plated  and  recourse  must  be  had  to  films.  These  do  not  often  make  as 
vsUble  negatives  as  the  glass  plates,  yet  if  the  camera  and  the  proc- 
evss  of  photography  are  well  understood  the  results  may  be  very  sei^vice- 
able. 

With  each  photograph  or  negative  of  an  individiuil  should  be  sent 
data  as  to  the  tribe  or  nationality,  place  of  l)irth,  name,  sex,  age,  and 
tribe  or  nationality  of  father  and  mother.  An  identification  mark 
should  be  scratched  in  a  corner  on  the  negative  itself. 

Facial  or  head  casts  are  made  from  plaster  of  Paris.  Efliciency  in 
making  casts  is  best  acquired  under  an  instructor.  To  the  proper  per- 
son an  opportunity  to  learn  the  procedure  will  be  provided  at  the 
National  Museum. 

The  process  of  making  a  facial  cast,  given  here  for  those  who  have 
a  chance  to  practice  it,  is  as  follows: 

Have  the  subject  comfortably  seated  on  a  chair  with  a  Imck  and  head 
rest  See  that  the  face  preserves  throughout  its  most  natural  expres- 
sion, the  eyes  being  open,  and  warn  the  subject  against  moving, 
swallowing,  coughing,  sneezing,  or  spitting.  The  lips  should  not  be 
held  tight  or  puckered,  or  the  mouth  distorted.  Fasten  a  wide,  ample 
piece  of  muslin,  like  an  apron,  below  the  neck  of  the  subject.  Brush 
the  hair  backward,  without  pulling  the  skin,  and  fasten  it  by  a  moder- 
ately tightly  applied  muslin  band  about  2^  inches  broad,  leaving  all 
around  the  forehead  and  temples  a  little  of  the  hair  exposed. 

Work  into  this  visible  portion  of  the  hair,  and  also  into  the  eye- 
brows, mustache,  and  beard  enough  soap  paste  to  prevent  inclusion 
into  the  plaster.  Use  either  the  (*onunercial  green  soap  that  comes  in 
paste,  or  boil  ordinary  soap  with  water  until  the  liquid  thickens. 
Introduce  a  little  cotton  into  each  ear.  Oil,  by  means  of  a  camel's-hair 
brush,  the  whole  face  and  neck  with  light  pamftin  oil  (or  any  other 
oil  that  Ls  not  viscid);  also  oil  the  hair  band.  Care  must  be  exercised 
that  no  excess  of  the  oil  is  left  anywhere  and  that  nothing  enters  the 
eye.     This  finishes  the  pre])ai*ati()n.     No  nasal  tubes  are  recjuired. 

The  next  stt*.p  consists  in  mixing  the  phuster.  Only  the  best  dental 
plaster  should  be  used.  Fill  a  small  basin,  of  any  kind,  with  luke- 
warm, or  at  least  not  too  cold,  water,  add  a  pinch  of  common  salt  and 
some  wash  blue  or  other  coloring  matter.  Sift  the  plaster  onto  the 
top  of  the  water  from  your  hand,  without  mixing,  until  the  moment 
when  it  stops  sinking — this  exact  stage  must  be  learned  from  pmctice. 
Mix  then,  without  churning,  with  a  common  spoon,  gather  the  sur- 
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face  bubblea  and  any  possible  dirt  and  throw  away,  and  the  liquid,  of 
cream  consistency,  is  ready  for  use. 

The  first  layers  of  the  plaster  are  applied  to  the  forehead,  about  the 
the  eyes,  and  over  the  upper  part  of  the  face,  with  the  help  of  a  spatula 
or  a  little  spoon.  The  excess  of  the  plaster  flows  down  over  the  face 
and  onto  the  apron. 

The  success  of  the  cast  depends  largely  on  the  dexterity  of  the 
manipulator  in  this  part  of  the  procedure. 

The  upper  part  of  the  face  being  covered,  advance  rapidly  to  the 
ears  and  lower  part  of  the  face.  At  this  stage  it  is  of  advantage  to 
throw  the  plaster  on,  with  short,  gentle  jerks,  with  the  fingers.  Fill 
one  ear  only,  but  carry  the  plaster  around  far  enough  to  show  the 
location  of  the  other  ear.  If  the  plaster  begins  to  thicken,  strengthen 
what  is  already  on,  but  without  employing  any  pressure,  and  make  or 
have  made  rapidly  a  new  supply,  slightly  thicker  than  at  first.  Then 
by  repeated  throws,  as  well  as  with  the  help  of  the  spatula  or  spoon, 
but  avoiding  pressure,  cover  the  whole  face.  While  the  cast  is  drying 
add  very  gently  more  about  the  eyelids,  taking  again  much  care  to  use 
no  pressure  and  especially  not  to  get  any  of  the  plaster  into  the  subject's 
eye,  where  it  would  produce  severe  burning.  Add  also,  if  neceasary, 
more  plaster  about  the  nostrils.  On  the  ear  that  is  covered,  carry  the 
plaster  just  a  little  over  the  convex  border. 

Strengthen  the  cast  over  the  forehead  and  median  line  of  the  face; 
the  thickness  should  range  from  about  one-fourth  to  three-eighths  of 
an  inch. 

When  through  with  the  application  of  the  plaster,  post  yourself 
behind  the  subject  and  gently  support  his  head  until  the  cast  is  suflS- 
ciently  hard.  During  the  hardening  the  plaster  will  generate  warmth, 
but  this  never  becomes  too  inconvenient  or  dangerous. 

The  proper  hardness  of  the  cast  is  learned  through  experience;  it 
can  be  ascertained  by  tapping  on  it  with  a  finger  or  some  object. 

The  removal  may  begin  before  the  hardening  is  complete,  at  the 
hair  ribbon,  which  is  drawn  backward.  Then  proceed  all  along  the 
edge  of  the  cast  and  press  the  skin  back  from  it.  With  the  help  of 
the  fingers  and  perhaps  of  the  spatula,  free  the  helix  of  the  ear  and  by 
this  draw  the  ear  backward.  All  this  can  be  begun  quite  early,  to 
occupy  the  subject's  attention  and  satisfy  him,  and  carried  on  so 
slowlj'  that  the  plaster  has  ample  time  to  harden.  To  take  the  cast 
off,  lay  the  left  hand  on  its  top,  grasp  with  the  right  its  chin  part,  and 
manipulate  slowly  and  carefully  up  and  down,  and  push  downward 
and  forward,  until  it  slips  off. 

There  is  occasionally  some  difficulty  on  account  of  the  beard,  or  the 
subject  may  have  tried  to  swallow  or  cough  or  have  moved,  and  a 
part  of  the  cast  may  be  cracked  or  imperfect,  or  a  portion  may  be 
broken  off  in  removing  it.     All  that  can  be  advised  in  such  contin- 


[21]      COLLECTING    ANTHBOPOLOGICAL   INFOBMATION HBDLiCkA. 

gencies  is  patient  manipulation  or  careful  repair  by  fitting  of  the 
separated  part^  and  additions  of  plaster  to  the  outside  of  the  cast. 

The  orbits  and  nostrils  in  the  finished  cast  are  filled  with  plaster  and 
the  whole  is  allowed  to  dry,  after  which,  if  the  cast  is  to  shipped,  it 
must  be  prepared  for  the  positive.  This  is  done  b\'  simply  soaking 
the  cast  in  a  strong  solution  of  coumion  soda  (sodium  carbonate);  or 
by  the  soaking  and  subsequent  careful  application  of  thin  oil  to  the 
inner  surface.  These  processes,  with  the  staining  of  the  negative 
cast,  facilitate  its  subsequent  chipping  off  from  the  positive. 

The  last  step  consists  in  carefully  mixing  a  larger  quantity  of  i)laster, 
with  addition  of  salt  but  not  of  coloring  matter.  Pour  some  of  this 
into  the  negative,  and  by  inclining  the  latter  in  all  directions  allow  the 
plaster  to  form  a  good,  thin  covering  of  the  whole  inner  surface. 
Then  gradually  add  more  plaster,  persisting  in  the  slow  movements, 
and  finally  help  with  the  spatula  or  spoon.  It  is  desirable  to  make 
the  positive  at  least  half  an  inch  thick.  Mark  then  on  the  concave 
surface  of  the  positive  with  some  sharp  point  whatever  data  are  essen- 
tial to  go  with  the  casts,  and  allow  the  whole  to  dry  thoroughly  before 
packing. 

In  the  manner  just  described,  with  a  little  preliminary  practice  and 
continual  care,  from  eight  to  ten  fii*st-class  facial  casts  can  be  made  in 
a  (lay.  Different  operators  may  use  methods  that  vary  more  or  less 
from  the  above,  and  there  is  no  harm  in  adopting  any  modification 
that  tends  to  facilitate  the  procedure  or  improve  the  result.  Some 
operators  try  to  secure  a  cast  of  the  whole  head,  but  this  has  no 
advantage.  With  a  good  facial  cast  and  photographs  the  head  can  be 
modeled  almost  to  perfection. 

Casts  of  the  body  should  never  be  undertaken  except  by  one  well 
practiced  in  the  art,  for  the  operation  is  not  without  danger  to  the 
subject. 

Casts  of  the  lowest  part  of  the  trunk  and  of  the  limbs  can  be  made 
without  any  very  great  danger  or  difficulties,  but  they  also  need 
experienced  hands. 

The  skin  must  in  all  instances  be  well  oiled  and  the  part  must  not 
be  deformed  by  wrong  position  or  pressure.  A  provision  for  the 
removal  of  the  cast  in  sections  must  ako  be  made,  which  is  usually 
done  by  including  in  the  first  la3'er  of  plaster,  along  the  line  of 
intended  separation,  a  linen  thread,  and  by  cutting  the  cast  with  this 
as  it  begins  to  harden.  The  preparation  of  the  plaster  and  other 
details  are  practically  the  same  as  in  facial  casting. 

In  packing  casts;  pad  well  and  tightly  with  very  dry  hay  or  other 
suitable  substance,  and  use  only  small  boxes  or  barrels. 
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ADDITIONAL  OIUECTH  F()U  COLLECTION. 

It  is  true  that  the  variations  of  every  organ  in  the  human  body  are 
of  anthropological  importance;  but  to  extend  Museum  collections  to 
all  these  parts  is  at  present  hardly  practicable.  The  skeletal,  brain, 
and  fetal  materials  claim  the  first  attention.  After  these  have  been 
more  thoroughly  elaborated  and  exhibited,  there  is  a  good  hope  that 
later  workers  and  additional  means  will  make  all  needed  extensions  of 
physical  anthropology  possible. 

The  above  does  not  imply  that  good  opportunities  to  obtain  especially 
valuable  specimens  for  physical  anthropology  other  than  skeletal, 
bmin,  or  fetal  should  be  neglected.  Some  of  the  most  interesting 
variations  exist  in  the  skin  and  its  appendages,  particularly  the  hair 
and  teeth,  and  a  good  collection  of  any  of  these  parts  from  any  tril>e 
or  people  is  very  desirable.  Many  rovertive  and  other  anomalies, 
some  of  which  may  eventually  be  found  to  be  more  or  less  racial  in 
character,  exist  in  the  muscular  sj'^stem,  the  intestines,  the  liver,  the 
circulatory  apparatus,  etc.  But  for  the  soft  specimens  of  this  cate- 
gory, the  most  suitable  place  at  present  is  some  representative  museum 
of  general  anatom3\ 

The  collecting  of  specimens  of  skin,  hair,  and  teeth  calls  for  but 
little  instruction.  Examples  of  skin  can  be  obtained,  best  in  small 
squares,  from  the  dead.  The  squares  should  be  alike  in  size  and  from 
the  same  region  of  the  body.  The  unexposed  parts  of  the  back,  chest, 
or  limbs  are  suitjible.  The  specimen  should  be  stretched,  with  the 
help  of  pins,  on  a  piece  of  board  and  dried. 

Hair  should  be  obtained  from  persons  in  good  health,  preferably 
children,  and  again  from  adults^ot  differing  nmch  in  age.  The  aim  of 
the  collector  should  be  to  obtain  all  the  variations  of  hair  in  a  particu- 
lar people. 

With  both  skin  and  hair  it  is  necessary  to  have  the  supplementary 
data  of  race,  purity  of-  blood,  sex,  and  age. 

The  opportunity  to  obtain  teeth  is  limited  to  the  dentists.  Here, 
also,  should  be  recorded  with  each  specimen  the  iiice,  sex,  and  age, 
besides  its  exact  position. 

THE  COLLECTORS. 

The  nature  of  the  material  retjuired  by  physical  anthropology  for 
the  purposes  of  investigation  and  exhibition  is  such  as  most  interests 
the  physician,  and  therefore  this  appeal  is  addressed  mainly  to  medical 
men,  particularly  to  those  who  tmvel,  or  have  charge  of  hospitals, 
colleges,  dissecting  rooms,  and  remedial  institutions.  As  physical 
anthropology  and  anatomy  are  intimately  related  and  largely  inter- 
dependent, any  service  done  to  the  former  is  also  done  to  the  latter, 
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and  is  an  aid  to  the  advance  of  the  medical  a-^  well  as  the  natural 


Yet  there  are  other  men,  to  whom  scienets  has  often  been  indebted, 
whose  good  will,  when  opportunities  arise,  might  result  in  much 
benefit  to  physical  anthropology.  Among  these  ai-e  foreign  mission- 
aries and  teachers,  particularly  among  other  peoples  than  the  whites; 
explorei-g,  primarily  interested  in  otlier  sciences;  minei's,  prospectors, 
and  surveyors  and  engineers  of  railroads;  men  engaged  in  trades  that 
take  them  into  virgin  regions;  and  ti-avelers  of  means  and  leisure. 
But  it  liea  in  the  power  of  every  intelligent  person  to  call  attention  to 
the  discovery  of  an  ancient  burial  place  or  cemetery,  or  to  prevent 
destruction  of  specimens  and  direct  them  to  where  they  can  lie  made 
useful. 

It  is  almost  superfluous  to  repeat  the  well-known  fact  that  all  the 
foHectiona  of  the  II.  H.  National  Museum  are  entirely  for  public 
instruction  and  freely  accessible  to  all  scientific  workers. 

The  National  Museum  is  always  ready  to  respond  to  telegraphic  or 
other  requests  for  vessels  or  preservatives;  and  in  return  for  their 
good  will  the  Division  of  Anthropology  is  at  all  times  ready  to  scien- 
tilically  aid  those  who  favor  it  with  needed  material. 

OBSERVATIONS. 

natomy  and  physiology,  or  especially 
lata  of  value  to  physical  anthropology. 
E,  this  science  comprises  the  study  not 
ed  groups  of  mankind,  but  also  of  their 
field  for  inquiry.  But  the  subject  is  so 
i  must  in  everj-  case  be  exercised,  even 
errors. 

are  those  concerning  the  topography, 
lity  of  water  supply,  of  the  particular 
ed;  the  nature  and  sufficiency  of  food; 
se  of  alcoholic  beverages  or  substances 
iccupations;  the  dwellings  and  habits  of 
1  customs  or  habits,  including  the  age  at 
slishcd;  polygamy,  polyandiy,  and  close 
impotence  or  sterility,  and  pervei-sion. 
points  to  ascertain  is  the  proportion  of 

I,  one  can  ascertain,  though  much  care 
le  of  the  first  conception;  the  number 
iber  that  died;  the  numlier  of  abortions 
ns  or  triplets;  occurrence  of  blind,  deaf, 
Ircn. 
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With  infants  it  is  desirable  to  learn  the  periods  of  the  beginning  and 
their  full  ability  in  walking;  the  length  of  exclusive  nursing  and  of 
nursing  in  addition  to  other  food;  the  manner  of  feeding  exclusive  of 
nursing;  the  time  of  teething;  and  infant  diseases  with  mortality. 

Among  people  who  keep  account  of  their  age,  interesting  facts  may 
be  obtained  in  regard  to  puberty,  menopause,  appearance  of  gray  hair, 
and  data  as  to  longevity. 

The  occurrence  and  character  of  albinos  should  be  noted  in  detail, 
giving  the  family  history.  The  occurrence  or  prevalence  of  goiter, 
cretinism,  idiocy,  and  insanity,  as  well  as  tuberculosis,  is  of  anthro- 
pological as  well  as  of  pathological  importance.  The  description  of 
artificial  deformations,  mutilations,  or  operations,  may  aid  in  the 
elucidation  of  certain  conditions  found  among  the  skeletons  or  brains 
from  the  region. 

Description  of  hair  and  beard  is  desirable.  Note  the  ordinary  and 
the  maxinmm  length  to  which  the  hair  or  beard  grows  when  not 
trimmed;  the  quantity  and  distribution  of  the  beard;  the  character  of 
both  hair  and  beard,  whether  gross  or  fine,  and  whether  straight,  wavy, 
curly,  or  in  tufts.  The  color  of  the  hair  and  beard  often  differs.  In 
noting  the  color  it  can  be  referred  to  the  standards,  but  it  is  more  con- 
venient to  use  the  terms  light  brown,  dark  brown,  black,  pale  yellow, 
red  and  chestnut  (red-black).  When  necessary  these  simple  and  gen- 
erally well-understood  tferms  may  be  supplemented- by  further  descrip- 
,  tion  and  when  possible,  with  specimens. 

If  there  be  an  opportunity,  notes  on  the  hair  of  the  axillae  and  pubis 
may  be,  added,  but  these  points  are  not  of  much  importance. 

The  color  of  the  eyes,  or  more  properly  iris,  is  of  interest.  This 
also  should  be  recorded  in  simple  terms.  The  usual  colors  are  gray, 
greenish,  pale  blue,  rich  blue,  light  brown,  and  dark  brown.  The 
darkest  shades  of  brown  are  usually  classed  as  black.  In  anomalous 
cases  the  iris  may  show  spots  of  other  colors.  The  conjunctiva  may 
be  pearly  white,  bluish,  or  yellowish. 

The  color  of  the  skin  is  an  item  of  importance  and  one  seldom 
properly  reported.  In  this  particular  it  is  fii'st  of  all  necessary  to 
choose  for  comparison  the  same  parts  of  the  skin,  and  among  those 
who  wear  clothes,  preferably  those  parts  that  are  usually  covered. 
The  upper  part  of  the  arm  or  the  back  is  especially  suitable  for  this 
purpose.  In#this  cavse  the  color  should  invariably  be  compared  with 
and  recorded  l)v  some  well-known  standard,  and  the  observation  should 
extend  to  both  sexes  and  numerous  individuals.  It  was  largely  a  lack 
of  precision  in  reporting  the  color  of  the  skin  that  made  a  red  man  of 
our  brown  Indian,  and  there  are  other  similar  examples.  One  of  the 
best-known  arrangements  of  standard  colors  is  that  of  Broca,  a  part 
of  which,  for  easier  comparison,  is  appended  to  these  instructions. 
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Of  measurements,  only  that  of  the  height  is  fairly  safe  to  be  taken 
by  an  untrained  observer.  This  measurement  is  secured  by  placing  a 
subject  against  a  vertical  plane,  without  shoes  or  sandals,  with  the  feet 
together,  standing  erect,  and  looking  straight  forward. 

It  is  well  to  have  fastened  on  the  plane  a  graduated  board  or  a  tape, 
but  the  height  can  also  be  obtained  by  marking  a  point  a  meter  or 
yard  from  the  ground  and  measuring  with  a  tape  from  this  to  the 
mark  corresponding  to  the  top  of 'the  head  of  the  individual.  The 
height  is  determined  by  the  aid  of  a  square  or  a  piece  of  board  held  at 
right  angles  against  the  vertical  plane  and  lowered  until  it  encounters 
the  resistance  of  the  head  when  a  mark  is  made.  A  square  corner  cut 
from  any  box  will  serve  this  purpose. 

At  least  twenty,  not  deformed,  fully  adult  individuals  of  each  sex 
should  be  thus  measured;  but  the  larger  the  number  of  individuals 
the  more  correct  will  be  the  mean  height,  and  the  more  valuable  the 
general  result  obtained  from  the  measurement. 

Besides  the  above,  it  is  possible,  with  appropriate  aids  or  instruments 
and  care,  to  test  the  special  scinses;  the  pressure  or  traction  force 
(with  dynamometer,  Mathieu  or  Collin);  to  make,  on  healthy  individu- 
als (for  this  examine  the  tongue)  valuable  observations  on  pulse,  respi- 
ration, and  temperature;  to  test  for  swiftness  or  endumnce  in  running; 
to  observe  the  capacity  for  carrying  burdens,  enduring  hunger  and 
thirst,  and  capacity  for  excess  in  food. 

Many  of  these  data  are  purely  physiological;  the  physiology  of 
i*aces,  tribes,  or  other  groups  of  mankind,  however,  goes  hand  in 
hand  with  physical  anthropology  and  is  equally  important. 

BROCA*S  COLOR  STANDARDS. 

These  color  standards  were  originally  published  in  Pierre-Paul 
Broca's  Instructions  g^nerales  pour  les  recherchcs  anthropologiques 
afaire  sur  Ic  vivant;  2  ed.,  Paris,  1879;  and  are  printed  after  a  copy 
of  the  original.  They  are  retained  in  order  that  new  observations 
may  be  compared  with  those  made  in  the  past.  To  facilitate  deter- 
mination, Broca's  arrangement  of  the  colors  on  the  pages  has  been 
somewhat  changed,  but  his  numbers  remain.  To  use  the  color  scheme, 
choose  a  certain  ordinaril}^  unexposed  part  of  the  skin,  as  of  the  arm 
or  the  back,  and  match  one  color  after  another  of  the  plates  with  the 
skin  until  the  one  is  found  which  agrees  most  closely,  and  this  you 
record  by  its  number. 
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DIRECTIONS  FOR  COLLECTING  INFORMATION 

AND  OBJECTS  ILLUSTRATING  THE 

HISTORY  OF  MEDICINE. 


The  Division  of  Medicine  in  the  United  States  National  Museum 
seeks  to  illustrate  in  the  fullest  possible  manner  the  medical  theories 
and  practices  of  mankind  in  every  part  of  the  world  and  at  all 
periods.  For  this  purpose  it  asks  aid  of  those  who  may  be  interested 
In  this  branch  of  anthropology  in  the  collection  of  information  and 
illustrative  objects. 

To  make  clear  the  subject  which  it  is  desired  to  investigate,  the 
following  provisional  classification  of  theories  of  disease  and  remedial 
measures  is  presented: 

THEORIES  OF  DISEASE. 

(1)  Disease,  a  malevolent  spirit,  assuming  material  form  either  animate  or  inani- 
mate, attacking  the  victim  with  or  without  provocation.     Primitive. 

(2)  Disease,  a  spirit,  acting  at  the  suggestion  of  a  human  enemy  possessing  super- 
natural powers  (sorcery,  witchcraft,  conjury).     Savage  and  half-civilized  peoples. 

(3)  Disease  caused  by  the  angered  spirits  of  the  dead,  either  men  or  animals,  or 
'  even  plants.     8avage  and  half-civilizeil  peoples. 

(4)  Disease,  a  punishment  inflicted  by  an  offended  deity.     Ancient;  persistent. 

(5)  Disease  due  to  the  influence  of  the  planets  or  other  heavenly  bodies.  (Astrology.) 
Arabians;  persistent  in  Europe  to  the  seventeenth  century. 

(6)  Disease  due  to  a  variation  in  the  relative  activity  of  two  controlling  principles 
of  life,  namely,  heat  and  moisture,  or  **yin**  and  "yung,**  or  the  male  and  female 
principles.     Persian,  Chinese. 

(7)  Disease  due  to  a  disturbance  in  the  relative  proportions  or  distribution  of  the 
fluids  or  **  humors"  of  the  body,  namely,  blood,  phlegm,  black  bile,  and  yellow  bile. 
H  i  ppocrates,  Galen.     ( * '  Humoralists.  *  * ) 

(8)  Disease  due  to  changes  in  the  form,  number,  arrangement,  or  movement  of 
the  '*atoms*'  of  which  the  body  is  composed.  Asclepias.  (**S<)lidists'*  or  *'Meth- 
(xliPts.'') 

(9)  Disease  due  to  the  abnormal  action  of  the  dynamic  or  vital  force  ("spirit,'* 
**pneuma,"  **archieus**).     Athenaeus,  Paracelsus,  Hahnemann.     ("Vitalists.") 

(10)  Disease  considered  only  with  respect  to  its  manifestations  or  **pymptom8,'* 
regardless  of  causes.     Philenus,  Sydenham,  Hahnemann.     (** Empiricists.") 

(IT)  Disease  due  to  various  and  complex  modifications  of  normal  structure  and 
function  resulting  from  the  conditions  of  environment  or  inherent  tendencies. 
Modern  scientific  medicine. 

[3]  ,  "^^.^ ' 
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A—if<igk  >„(itki fie.— KKOTem»,  iiivocalimi,  iiicaiilatiim,  amiik-ls  l«lJSlimns,  f,-tic)ie--, 
titriiatures. 

/( — Pnyehir  vuiUehie. — Layini;  on  ol  haiiiU,  rural  tiJiic)i,  riiu^ii',  iiiclallollitrapy, 
MiUi^i^slitiii,  liyimotiMii.  Cliriutian  si  ieni'e,  tahit  ciiri', 

C~-Siiriiinil  iHi'dirhie. — Katlif,  inuKSHfH',  I'xt'rcii^c,  clifli'icity,  fliii]iiiiutiirc;,  cauli'ry, 
liliH^MeltinK,  )>urKti-al  0|M'ratii>D3  and  appliance^'. 

P — I'ltiiniHiiiilogiiiil  metl-riiie. — American  Inihan  iiii-ciicim.-,  K^'yi'liau  mwlifine, 
liivfh  iiKilii-ine.  Aralnai)  nuHlidiie,  uriuiita)  i>ii'il:ciiJ(',  lliiiilu  iiK'iUciiif,  iiiu'lern 
iiuHlivint. 

/i — J'mriiliir  iwi/iVijie.^Watcr,  air,  fiKxl,  l«H*eni|;i*H  and  coLLcliiiii-iils,  i-uih,  lialiila- 
tiniiH.  M-n~a^',  I'liilhjnjc.  climaU-,  difiKi^l  of  llu'  ilui'l,  (lir^iiiL'irtion. 

The  class  of  ictiicdial  iiu'jisurps  to  which  it  is  dc.'-iii-d  to  ciill  cspct-inl 
altontion  In'  thin  circular  is  tlmt  of  magic  nicdifino,  or  •■  folk  iiii'dicine." 
Superstitions  roffiirding  diseasis  and  its  remedies  are  everywhere 
prevulent,  not  only  among  the  uncivilized  and  the  iiideiiriied,  but  also, 
to  II  greater  or  les.s  degree,  in  the  mast  cultivated  coumiimitie^.  The 
horse  chestnut  for  the  prevention  of  rheumatism  is  not  found  exclu- 
«ively  in  the  pockets  of  the  ifjnorant. 

Tliose  who  are  hronght  into  dose  relations  with  the  peoples  of  our 
island  possessions  have  great  opj)ortunities  for  pursuing  this  lino  of 
investifjation,  and  their  assistance  is  earnestly  sought.  liut  there  is 
«lso  !i  wide  lield  for  the  study  of  the  subject  and  the  collection  of 
material  in  every  town  and  handet  in  our  country. 

Magic  is  (lelined  as  the  "  pretcnde<l  art  of  producing  supernatural 
effects  by  bringing  into  play  the  action  of  supernatural  or  spiritual 
Iwings,  of  departed  spirits,  or  of  the  occult  powei's  of  nature,"  Its 
application  to  the  treatment  of  disease  is  magic  medicine.  The  agents 
may  be  god:<  or  demons,  diseml>odied  spirits  of  men.  animals,  plants, 
orniinerals,  or  may  l>e  occult  influenees  residing  in,  or  exerted  through, 
certain  natural  objects.  These  agi^nts  or  influences  are  often  brought 
into  action  by  invocations,  incantations,  or  ceremonials  of  various 
kinds. 

The  divisions  of  magic  medicines,  accoi-ding  to  the  foregoing  elassi- 
Ciition,  are: 

J.  .Ej-'ifvinm. — ^Casting  out  evil  spirits  by  religious  or  magic  foniiulas 


umm/'/w**.— Prayers  for  the  assistance  of  disembodied  spirits 
nials  or  men,  or  of  mythological  gods  or  heroes,  or  of  the 

»aitifeit''itis. — Magical  woi'ds  said  or  sung. 

[iiiii/cts. — Objects  worn  as  a  protection  against  disease. 

u/tmiiims. — Objects  supposotl  to  work  wonders,  whether  kept  in 

lossession  or  not. 

>tlr!ie«. — Material  objects  believed  to  he  the  dwelling  of  a  spirit, 

epresent  a  spirit,  that  may  be  induced  to  help  the  p 
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7.  Signatii7'es. — Some  outward  sign  appearing  upon  plants,  min- 
erals, or  other  objects,  believed  to  point  to  their  appropriate  medicinal 
uses. 

Specifically,  the  Division  of  Medicine  desires  details  of  the  cere- 
monies of  exorcism  said  to  be  practiced  extensivel}'  b}-  the  Indians  and 
negroes  of  this  country;  the  words  used  in  the  incantations  over  the 
sick,  especially  in  the  Pacific  Islands  and  the  East;  amulets,  talismans, 
and  fetiches,  all  of  which  abound  everywhere;  medicines  illustrating 
the  "doctrine  of  signatures,'' much  regarded  in  oriental  and  ancient 
European  medicine;  surgical  instruments  and  appliances  of  all  sorts; 
medicinal  substances,  giving  source  and  uses  of  each. 

The  value  of  a  museum  specimen,  as  such,  is  largely  proportionate 
to  the  amount  of  information  which  accompanies  it,  and  to  which  it 
directs  attention.  Therefore,  the  facts  regarding  the  nature,  source, 
mode  of  preparation,  attributed  virtues,  mode  of  use,  and  attendant 
ceremonials,  together  with  the  localities  where  used,  and  the  class  of 
people  using  it,  should  be  given  in  the  fullest  possible  detail. 

Material  which  can  be  sent  b}^  mail  should  be  addressed  to  the 
United  States  National  Museum,  Washington,  D.  C.  (for  the  Division 
of  Medicine).  If  packages  are  too  large  for  the  mail,  write  to  the 
Museum  for  shipping  instructions. 
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